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(54) Title: USE OF OXIDO-SQUALENE CYCLASE INHIBITORS TO LOWER BLOOD CHOLESTEROL 
(57) Abstract 

A compound of formula (I). Q (CH,) O (CHA. 

or a pharmaceutically acceptable salt // <\^ h f 2 \ A " _j 2 ' b »2 v r» fl) 

thereof, wherein G, T'. T* and 1* N^. /~~H T — A~ C~T* T~X— Q W 

are selected from CH and N; provided \^\=J (CH„) (CH»L 

that T 2 and T 3 are not both CH; A (K ) m \ w '2>c ^n 2 / d 
is selected from a direct bond and (1- 
4C)alkylene; X is selected from oxy, 

thio. sulphinyl, sulphonyl, carbonyl, w.™m« mPrtwVnP n-40alkvlmethvlene and di-(l-6C)alkylmethylene, and when 
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USE OF OXIDO-SQUALENE CYCLASE INHIBITORS TO LOWER BLOOD CHOLESTEROL 

This invention concerns heterocyclic derivatives which are useful in inhibiting 
oxido-squalene cyclase, processes for their preparation and pharmaceutical compositions 
5 containing them. The present invention is also concerned with heterocyclic derivatives 
capable of inhibiting cholesterol biosynthesis and hence in lowering cholesterol levels in 
blood plasma. The present invention also relates to methods of using such heterocyclic 
derivatives in diseases and medical conditions such as hypercholesterolemia and 
atherosclerosis. 

10 There is evidence that high serum cholesterol levels are an important risk factor in 

coronary heart disease and associated diseases such as atherosclerosis and ischaemic heart 
disease. As a result there has been a great deal of interest in finding ways of lowering 
cholesterol levels in blood plasma. Althought it has been possible to obtain some reduction 
my means of diet, only modest reductions have been obtained by controlling the dietry 

15 intake of cholesterol. Consequently, there is a need for therapeutic approaches to reducing 
cholesterol levels. 

Several different classes of compounds have been reported to possess the capability 
of being able to lower cholesterol levels in blood plasma. For example agents which 
inhibit the enzyme HMGCoA reductase, which is essential for the production of 
20 cholesterol, have been reported to reduce levels of serum cholesterol. Illustrative of this 
class of compounds in the HMGCoA reductase inhibitor known as lovastatin which is 
disclosed in US Patent No 4,23 1,938. Other agents which are reported to lower serum 
cholesterol include those which art by complexing with bile acids in the intestinal system 
and which are hence termed "bile acid sequestrants". It is believed that many of such 
25 agents act by sequestering bile acids within the intestinal tract. This results in a lowering 
of the levels of bile acid circulating in the enteroheptatic system and promotes replacement 
of bile acids by synthesis in the liver from cholesterol, which results in an upregultion of 
the hepatic LDL cholesterol receptor and in alowering of circulating blood cholesterol 
levels. 

30 • The biosynthesis of cholesterol is a complex process which will be considered here 
as three principal stages, namely 1) the conversion of acetic acid to mevalonic acid 2) the 
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Lanosterol » then c„ nverted „ cholKterol ^ a ^ of enzymMt . c ^ 

holestero,. ^~ niscalalysedbytheen2ymeoxido . squaleK 
fo»ow St ha,^ bitionoftoe ^ e ^ ftemoMofiMav ^ for 

plasma via LDL receptor upreguJalion. 

' 0 ateinhibTZrT" 

^»^o MinwrachMbfflonoforido .^ me ^ lMetd ^ ]e 

"8.o m ep re senti n ven ti o„,h ere i S pr„v i ded 1 heu se „ facomi)oundof 
^^^»«her^ to ^™ mfteotefomulaerefciTedto 

15 pharmaceuocally acceptable salt thereof, wherein: 

G is selected from CH and N; 

T* is selected from CH and N; 

R' is hydrogen, amino, hatogeno, cyano, (l-oQalkyl or ( 1-oQaikoxy 
m is 1 or 2; 

20 A is selected from a direct bond and (l-4C)alkylene; 
T 2 is selected from CH and N; 

t is selected from CH and N; provided that T 2 and T 1 are no, both CH- 
a and b are independently selected from 2 and 3; 
e and d are independently selected from 1 and 2- 
25 ^^^^^^T^^^ 

^•('^aHtoxy.pheny.C,^^^^^^ 

(' 6QaiMcarbonylam.no, suiphonamido, methylene, (l-4C)a. k ymethy,e„e and di-f- 
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6C)aikylmethylene, and when T 2 is CH, X may also be selected from aminosulphonyl and 
oxycarbonyl; 

Q is selected from (5-7C)cycloalkyl, a heterocyclic moiety containing up to 4 
heteroatoms selected from nitrogen, oxygen and sulphur; phenyl, naphthyl, phenyl(l - 
5 4C)alkyl and phenyl(2-6C)alkenyl, and wherein the last three groups may optionally bear a 
phenyl substituent; 

and wherein Q may be unsubstituted or may bear one or more substituents selected from 
halogeno, hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)alkyl, (2-6C)alkenyl, 
(2-6C)alkynyl, (l-6C)alkoxy, (3-6C)cycloalkyl, (3-6C)cycloalkyl(l-4C)aIkyl, (1- 
10 4C)alkylenedioxy, (l-6C)alkylamino, di-[(l-6C)alkyl]amino, N-(l-6C)alkylcarbamoyl, di- 
N[(l-6C)alkyl]carbamoyl, (l-6C)alkanoylamino, (l-6C)alkoxycarbonyl, (l-6C)alkylthio, 
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl, halogeno(l-6C)alkyl, (l-6C)alkanoyl, 
tetrazolyl and a heteroaryl group comprising a 5- or 6- membered monocyclic ring 
conatining up to three heteroatoms selected from nitrogen, oxygen and sulphur; for the 
1 5 manufacture of a medicament for treating diseases or medical conditions in which an 
inhibition of oxido-squalene cyclase is desirable. 

The chemical formulae referred to herein by Roman numerals are, for convenience, 
set out on a separate sheets following the Examples. 

The compounds of the present invention are oxido-squalene cyclase inhibitors and 
20 hence possess the property of inhibiting cholesterol biosynthesis. Accordingly, there is 
also provided the use of a compound of formula 1, or a pharmaceutically acceptable salt 
thereof, for the manufacture of a medicament for inhibiting cholesterol biosynthesis. Thus 
the compounds of the present invention will be useful in treating diseases or medical 
conditions in which an inhibition of oxido-squalene cyclase is desirable, for example those 
25 in which a lowering of the level of cholesterol in blood plasma is desirable. In particular, 
the compounds of the present invention will be useful in treating hypercholesterolemia 
and/or ischaemic diseases associated with atheromatous vascular degeneration such as 
atherosclerosis. As inhibitors of cholesterol biosynthesis, the compounds of the present 
invention will also be useful in treating fungal infections. 
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IHus according <o a fteherteureofaep^en, Mention 4^ is provideda 

^» t rfa»^of fc nnu ta I,or.phan n ac^call y -™ 1 e SalttW h 
^.*™«.™uonp ro videsar^ofinh^^ 
^^P^^toamc^of^g^o,^,^^^^ ' 
vascular degncration (such as atherosclerosis). 

^^P^ntmvendonalsoprovidesureuseofacompoundofformulal ora 

Plasma ,s desirable (such as hypercholesterolemia and atherosclerosis), 
'"^^"ompoundsofthepm^^^ 

medical conditions in man. 

'5 ^P^'taventionalsoprovidesacornpoundofformulal or 

P^utically-acoeptable sal, thereof wherein G, T\ A, T>, X and Q are as denned 

ItwiU be understood tha, when formula I compounds contain a chiral centre tire 

fti?rT nMfac ' utomyop ^ y ^ veorrffiemicfom ° f "— of 

formu,a,wh,ch possesses tire beneficial pharmaco lo gica, effect of inhibiting oxido 

^^"^wellhnow.inu.ar.f.rexamp.ebv.roso.utionofn 

25 sZT ' by ~ fr ° m « aa -^ma,eria,sorbvasvmmeuic 
25 svnthes,, It will be appreciated that certain compounds of formula I mayTrist as 

ZulT.'-T" ^"^^^-'--ofacompoundof 
"Solva te d,fore X amp,hydm tt d,aswellasunso,va,e,forn I s.,,i stobcimderstoodthat 
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the present invention encompasses all such solvated forms which possess the property of 
inhibiting oxido-squalene cyclase. 

It is also to be understood that generic terms such as "alkyl" include both the 
straight chain and branched chain groups such as butyl and tert-butyl. However, when a 
5 specific term such as "butyl" * used, it is specific for the straight chain or "normal" butyl 
group, branched chain isomers such as "t-butyl" being referred to specifically when 
intended. 

Particular values for optional substituents which may be present on Q include, for 
example, 

(l-4C)alkyl, such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl or tert-butyl; 
cyclopropyl, cyclobutyl or cyclopentyl; 
(3-6C)cycloalkyl(l-2C)alkyl such as cyclopropylmethyl, 
cyclopropylethyl, cyclobutylmethyl or cyclopentylmethyl; 
(2-4C)alkenyl, such as allyl, prop-l-enyl, 
2-methyl-2-propenyl or 2-butenyl; 
(2-4C)alkynyl, such as prop-2-ynyl or but-2-ynyl; 
(l-6C)alkoxy, such as methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, pentoxy or 3-methylbutoxy; 
(l-4C)alkylamino, such as methylamino, ethylamino, 
propylamino or butylamino; 
di-[(l-4C)alkyl]amino such as dimethylamino, 
diethylamino, methylpropylamino or dipropylamino; 
(l-4C)alkylcarbamoyl such as N-methylcarbamoyl, N- 
ethylcarbamoyl, H-propylcarbamoyl, H-butylcarbamoyl or 
H-tert-butylcarbamoyl or (N-(2-methylpropyl)carbamoyl; 
di-[(l-4C)alkyl]carbamoyl, M,N-dimethylcarbamoyl or 
MJi-diethylcarbamoyl; for 
(l-4C)alkoxycarbamoyl such as methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, iso-propoxycarbonyl, 
butyoxycarbonyl or tert-butoxycarbonyl; 



10 for alkyl; 

for cycloalkyl 
for cycloalkylalkyl 

15 foralkenyl; 

for alkynyl; 
for alkoxy; 

20 for alkylamino; 

for di-dkylarnino; 

for alkylcarbamoyl; 



for di-alkylcarbamoyl; 
alkoxycarbonyl; 
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for alkylsulphinyl; 



foralkylsulphonyl; 



for halogeno; 
10 forhalogenoalkyl; 



15 



(MC)alkylthio such as methylthio, ethylthio, propylthio, 
isopropylthio or butylthio; 
(l-4C)alkylsulphinyl such as methylsulphinyl, 
ethylsulphinyl, propylsulphinyl, isopropylsulphinyl or 
butylsulphinyl; 

(l-4C)alkylsulphonyl such as methylsulphonyl, 
ethylsulphonyl, propylsulphonyl,isopropylsdphonyl or 
butylsulphonyl; 
fluoro, chloro, bromo or iodo; 
halogeno(l-4C)alkyl such as halogenoalkyl containing 
one, two or three halo groups selected from fluoro, chloro, 
bromo and iodo and an alkyl group selected from methyl, ' 
ethyl,propyl,iso-propyl, butyl, iso-butyl and sec-butyl, ' 
thus particular values will include trifluromethyl, 
difluoromethyl and fluoromethyl; 
(MQalkanoylamino such as formamido, acetamido, 
propionamido, isopropionamido, butyramido andisj> 
butyramido; 

methylenedioxy or ethylenedioxy; 
(MQalkanoyl such as formyl, acetyl, propionyl or . 
butyryl; 

Pa« i c U .arvaIue S f„ rQ wh=ni,i S ahe tero cyc,ic m „ie V c„mau 1 ingup t o4 



for alkanoylamino; 



foralkylenedioxy; 
20 foralkanoyl; 



PCT/GB96/01985 

WO 97/06802 

including, for an appropriate X group such as, for example, carbonyl and methylene, 
through any available nitrogen atom and which may bear up to three substituents including 
a substituent on any available nitrogen atom. 

Particular values for Q when it is heteroaryl which comprises a 5- or 6- 

5 membered monocyclic heteroaryl ring containing up to 3 heteroatoms selected from the 
group consisting of oxygen nitrogen and sulphur are, for example, furyl, thienyl, pyridyl, 
pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, oxadiazolyl, furazanyl and thiadiazolyl which 
may be attached through any available position including through any available nitrogen 

10 atom. 

Particular values for Q when cycloalkyl include, for example, cyclopentyl and 
cyclohexyl. 

Particular values for optional substituents on the heterocyclic rings containing T 1 
and T 2 include, for example, 

15 

for alkyl; (l-4C)alkyl such as methyl, ethyl, propyl, isopropyl, butyl, 

isobutyl, sec-butyl or tert-butyl; 
for alkoxy ; (1 -4C)alkoxy such as methoxy, ethoxy, propoxy, 

isopropoxy or butoxy; 

20 for phenylalkyl; phenyl (l-2C)alkyl such as benzyl, 2-phenylethyl or 1- 

phenylethyl 

for halogeno; fluoro, chloro, bromo or iodo 

for alkoxycarbonyl; methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl or 

butyoxycarbonyl; 

25 

A particular value for A when it is (l-4C)alkylene is, for example, methylene, 
ethylene, trimethylene or tetramethylene. 

A particular value for Q when it is naphthyl is, for example, 1-naphthyl or 2- 
naphthyl. 

30 A particular value for Q when it is phenylalkyl is, for example, pheny 1( 1 -2C)alkyl, 

such as benzyl, 2-phenylethyl or 1-phenyethyl. 
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A particular value for Q when it is phenylalkenyl, for example, phenyl(2- 
4C)alkenyl such as styryl, cinnamyl or 3-phenylprop-2-enyl. 

A particular value for X when it is a ^MQalkylcarbonylamino group is, for 
example, H-methylcarbonylamino or N-ethylcarbonylamino; when it is 
5 (MQalkylmethylene is, for example, ethane- 1,1-diyl or propane- 1,1 ^ md when ft fa 
dKMQalkylmethylene is, for example, propane-2,2-diyl. It is also to be understood that 
when X xs a carbonyloxy, carbonylamino or N-( MQalkylcarbonylamino group it is the 
carbonylgroupthereinwhichisattachedto^. Likewise when X is a sulphonylamino 
group lt ts the sulphonyl group therein which is attached to T 2 whereas, when X is an 
10 aminosulphonyl group, the sulphonyl group therein is attached to Q. 

In general, it is preferred that X is, for example, CH 2 , S, CO or S0 2 . 
In general, the heterocyclic rings containing T'and T 2 will be unsubstituted or bear 
one or two substituents selected from those hereinbefore defined. 
IngeneralQwillbeun^^^ 
15 two) substituents selected from those hereinbefore defined. 

In general, it is preferred, for example, that A is a direct bond. 
In general it is preferred, for example, that when T 2 is N, X is selected from CH 
CO and S0 2 ; when T 2 is CH, X is selected from S and CO. 

In general it is preferred, for example, that Q is phenyl, naphthyl or phenyl(2- 
eqalkenyHsuchass^ 

Specific values for A include a direct bond and methylene. 

Specific values for optional substituents on the heterocyclic ring containing T 1 or 
thehet„ 

(l-6C)alkoxycarbonyl (such as methoxycarbonyl or ethoxycarbonyl). 
25 Specific values for Xinclude, for example, S0 2 , S, 0, CO, CH 2 and CONH 

Specific values for optional substituents for Q include, for example, halogeno (such 
as fluoro, chloro, bromo or iodo), ( 1 -6C)alkoxy (such as methoxy or ethoxy), (1 -6C)alkyl 
(such as methyl, iso-propyl or t-butyl), h a lo g eno(l-6C)aIky, (such as trifluoromethyl) di- 
KMQalkylJamino (such as dimethylamino), nitro, cyano, (l-6C)alkyl (such as methyl 
30 ethyl, propyl or butyl), (l-6C)alkanoylamino (such as acetylamino) and pyridyl 

Specifc values for a, b, c and d include, for example, a=2, b=2, c=2 and d=2- a-2 
b=3,c=2andd=2. ' 
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Specific values for R 1 include, for example, hydrogen , amino, (l-6C)alkyl (such as 
methyl and halogeno (such as chloro). 

Specific values for Q-X- include, for example, phenyl-CH r , phenyl-CO-, 
phenyl-S0 2 , phenyl-S, naphthyl-CH r , napthyl-CO-, naphthyl-SO r , naphthyl-S- and 
5 styryl-SO r . Further specific values include thienyl-S0 2 . 

Values of Q-X- of particular interest include, for example, phenyl-SO r , 
phenyl-CH=CHSO r , naphthyl-S-, benzyl- and napthyl-SO r ; wherein the phenyl or 
naphthyl moiety may be unsubstituted or may optionally bear one or more (preferably one 
or two) substituents selected from those hereinbefore defined. 
10 In a particular embodiment, the heterocyclic rings containing T* and T 2 are 

unsubstituted. 

Particular embodiments of the present invention include the folowing in which G, 
a, b, c, d, R 1 , m, T 1 , T 2 , T 3 , X and Q may take any of the values mentioned above unless 
stated otherwise: 
15 (i)GisCH; 

(ii) a, b, c and d are each 2; 

(iii) G is CH or N, T l is CH, T 2 and T 3 are N; 

(iv) G is CH or N, T 1 is CH, T 2 and T 3 are N, X is oxy, thio, sulphinyl or sulphonyl; 

(v) G is CH or N, T l is CH, T 2 and T 3 are N, X is carbonyl, carbonylamino, N-di-(l- 
20 6C)alkylcarbonylamnino or sulphonamido; 

(vi) G is CH or N, T l is CH, T 2 and T 3 are N, X is methylene, (l-4C)alkymethylene or di- 
(l-6C)alkylmethylene; 

(vii) G is CH or N, T 1 is CH, T 2 and T 3 are N, X is SCy, 

(viii) G is CH or N, T 1 is CH, T 2 and T 3 are N, X is S0 2 , Q is phenyl; 

25 (viv) G is CH or N, T 1 is CH, T 2 and T 3 are N, X is S0 2) Q is heteroaryl; or 
(w) G is CH or N, T 1 is CH, T 2 and T 3 are N, X is S0 2 , Q is naphthyl; 

Further particular embodiments include those in which 
G, a, b, c, d, R 1 , m, T 1 , T 2 , T 3 , X and Q may take any of the values mentioned above unless 
stated otherwise: 

30 (i) GisN; 

(ii) a, b, c and d are each 2; 

(iii) G is N, T 1 is CH, T 2 and T 3 are N; 



10 
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WOb N, T'i S CH,^ a ndT= areN ,Xi S „ Xy , aii o,s ul ph iny l orS ulphon y ,. 
W OisN, T'faCH.T^and^^HXi.caAonyl.cart.oaylamino.N^l- 
6C)alkyIcarbonylamnino or sulphonamido; 

(vOGisN, T'isCH,T^ m dT3 areN ,x i : m e thylenc , a ^ )sakymethyIeileor 
5 6C)aIkylmethyIene; 

(vii) G is N, T' is CH, T 2 and T 3 are N, X is S0 2 ; 

(viii) G is N, T 1 is CH, T 2 and T 3 are N, X is SO^ Q is phenyl- 

(viv)GisN 5 T , isCH 5 T 2 andT 3 areN,XisS0 2 ,Qishet e roa r yl;or 
(w) G is N, T' is CH, T 2 and T 3 are N, X is S0 2 , Q is naphthyl; 

» /-^rembodin.entofthepresentinventionthereisprovid^ 
formula la, or a pharrnaceutically acceptable salt thereof, wherein: 
G is selected from CH and N; 
T 1 is selected from CH and N; 
A is selected from a direct bond and (l-4C)alkylene; 
T 2 is selected from CH and N; 
wherein the heterocyclic ring containing T 1 and the heterocyclic ring containing T 2 may 
'^«' be ™ ^"^^oneorntoresnhatoentsseleotedlromd-' 

X is selected from oxy, thio, sulphinyl, sulphonyl, carbonyl and methylene; 
^"'taeofrontphenyhnaphmy^^ 
and wherein me las. three gro Ups may optionally ^ , ptoy , 

C-SQa.Kynyl, (,-6C)a,hoxy, ^Qcycloalhyl, ^QcycloalkylCMCJalhyl (,. 
30 ahove. ""' ^ ^ — — 



20 
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In a particular group of compounds of formula la G is CH, T 1 is CH, T 2 is N, A is a 
direct bond or (MQalkylene, X is selected from CH 2 , CO, S, SO and S0 2 , Q is selected 
from phenyl, naphthyl, phenyl (MQalkyl and phenyl(2-6C)alkenyl, any of which may 
bear a phenyl substituent; and wherein a phenyl moiety in Q may be optionally substituted 
5 as hereinbefore defined, and wte and T 2 are 

optionally substituted as hereinbefore defined. 

Particular, preferred and specific values include the appropriate values mentioned 

above. 

In a further group of compounds of formula la G is CH or N, T l is CH, Tis N, A is 
10 a direct bond or (MQalkylene, X is selected from CH 2) CO, S0 2 and S and Q is selected 
from phenyl and P henyl(2-6C)alkenyl; and wherein the heterocyclic rings containing T 1 
and T 2 are each independently unsubstituted or bear one or two substituents selected from 
those hereinbefore defined and the phenyl moiety in Q is unsubstituted or bears one or two 
substituents independently selected from those hereinbefore defined. 
15 In a further group of compounds of formula la G is CH or N, T 1 is N or CH 

(preferably CH), A is a direct bond, T 2 is N, X is CH 2 ,CO, or S0 2 and Q is phenyl, napthyl, 
phenyl(l-4C)alkyl, or phenyl(2-6C)alkenyl; and wherein the phenyl or naphthyl moiety in 
Q may be unsubstituted or may optionally bear one or two substituents selected from those 
hereinbefore defined. 

20 Particular, preferred and specific values include the appropriate values mentioned 

above. 

In a further group of compounds of formula la G is CH or N, T l is N or CH 
(preferably CH), A is a direct bond, T 2 is CH, X is S or CO and Q is phenyl or naphthyl; 
wherein the phenyl or naphthyl moiety in Q may be unsubstituted or may bear one or two 
25 substituents selected from those hereinbefore defined. 

Particular, preferred and specific values include the appropriate values mentioned 

above. 

In a further group of compounds of formula la G is CH or N, T 1 is CH, T 2 is CH or 
N (preferably N), A is a direct bond, Q-X- is selected from phenyl-S0 2 -, 
30 phenyl-CH=CHS0 2 -, napthyl-S-, benzyl- and napthyl-S0 2 -; 
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vvh=^ t h=p taylor ^ hthylmojetymaybeumubst . tutedor 

heterocyclic nags containing T and T 1 are unsubstjtuted. 

In a further group of compounds of formula la G is N or CH, T 1 is CH A ic r 

^-^aphenyiornapi^ntoietyinQ^^^^ 
he.oneor m ore S ubsUnren Bs elec Wfl p mWogeno , hyfexy ^ 0j 

^^..haiogenotl^U,^,^^ ^J' ( 
heterocyclic rings containing T 1 and T 2 are unsubstituted 

^"^above.ftepresentinvendonajsoprovidesac.n.poundoffonnuia. 
pharmaceuttcally acceptaWe salt thereof, as hereinbefore defined 

™rtr* crcisprovid *^^ 

acceptable salt thereof, 3 
G is selected from CH and N; 
T 1 is selected from CH and N; 

R' is hydrogen, ami™, halogeno, cyano, (NSOalkyl or (l-6C)allcoxy 
25 mis lor 2; 

A is selected from a direct bond and (MQalkylene; 
T 2 is selected from CH and N; 
T 3 is N; 

a , b, c and d are each 2; 

^^^^^ 

6C ^Ul-6C)aUtoxy,p h enyl(MC)a ft y,ba 1 oge n „ ai , d(WC)alko 
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X is selected from oxy, thio, sulphinyl, sulphonyl, carbonyl, carbonylamino, N-di- 
(l-6C)alkylcarbonylamnino, sulphonamido, methylene, (l-4C)alkymethylene and di-(l- 
6C)alkylmethylene, and when T 2 is CH, X may also be selected from aminosulphonyl and 
oxycarbonyl; 

5 Q is selected from a heterocyclic moiety containing up to 4 heteroatoms selected 

from nitrogen, oxygen and sulphur; phenyl, naphthyl, phenyl(l-4C)alkyl and phenyl(2- 
6C)alkenyl, and wherein the last three groups may optionally bear a phenyl substituent; 
and wherein Q may be unsubstituted or may bear one or more substituents selected from 
halogeno, hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)alkyl, (2-6C)alkenyl, 
10 (2-6C)alkynyl, (l-6C)alkoxy, (3-6C)cycloalkyl, (3-6C)cycloalkyl(l-4C)alkyl, (1- 

4C)alkylenedioxy, (l-6C)alkylamino, di-[(l-6C)alkyI]amino, N-(l-6C)alkylcarbamoyl, di- 
N[(l-6C)alkyl]carbamoyl, (l-6C)alkanoylamino, (l-6C)alkoxycarbonyl, (l-6C)alkylthio, 
(l-6C)alkylsulphinyl, (l-6C)alkylsulphonyl, halogeno(l-6C)alkyl, (l-6C)alkanoyl, 
tetrazolyl and a heteroaryl group comprising a 5- or 6- membered monocyclic ring 
1 5 containing up to three heteroatoms selected from nitrogen, oxygen and sulphur 

Particular groups of compounds include the folowing in which G, a, b, c, d, R\ m, 
T 1 , T 2 , T 3 , X and Q may take any of the values mentioned above unless stated otherwise: 
(i) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
phenyl; 

20 (ii) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
naphthyl; 

(iii) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
heteroaryl; 

(iv) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
25 thienyl; 

(v) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is phenyl; 

(vi) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
naphthyl; 

(vii) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
30 heteroaryl; or 
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(viii) G is N; a. b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
thienyl. 

Compounds of particular interest are as follows in which G, a, b, c, d, R 1 , m, T 1 , T 2 , 
T 3 , X and Q may take any of the values mentioned above unless stated otherwise: 
5 (i) G is CH; a. b 5 c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
Phenyl optionally substituted by one or more substituents selected from halogeno and (1 
6C)alkyl; 1 " 

(ii) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
naphthyl optionally substituted by one or more substituents selected from halogeno and (I 

10 6C)alkyl; U 

(iii) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 
heteroaryl optionally substituted by one or more substituents selected from halogeno and 
(l-6C)alkyl; 

(iv) G is CH; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl- Q is 

1 5 thienyl optionally substituted by one or more substituents selected from halogeno and (1 - 
6C)alkyl; 

(v) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is phenyI 
optionally substituted by one or more fem ^ (] 6c ^ 

(vi) G is N; a,b,canddareeach2 ; T'i s CH,T 2 andT'areN,Xiss1pho„ylQis 

20 naphthyl optionally substituted by cue or more substituents selected from halogeno and (I- 
6C)alkyl; v 

WO G is N; a, b, c and d are each 2; T' is CH, T 2 and T 3 are N, X is sulphonyl Q „ 
heteroaryl optionally substituted by one or more substituems selected from halogeno and 
(l-oC)alkyi;or 

25 (viii)GisN : =.b,canddmeeach2 ; T'isCH,^andT J a re N,Xissulphonyl-Qis 
thenyl optionally substimted by one o, more substituents selected from halogeno and (1- 
6C)alkyl. 

In general, it is preferred that the heterocyclic rings conatining T 1 and I 2 /! 3 are 
unsubstituted and: 

30 (OGisN; a,b,candda I eeach2;T'isCH,T 2 andT 3 a r e N ,Xissulphony,;Qispheny 1 
optionally substimted by one or more substiments independentiy selected from halogeno; 
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(ii) G is N; a, b, c and d are each 2; T 1 is .CH, T 2 and T 3 are N, X is sulphonyl; Q is 
naphthyl optionally substituted by one or more substituents independently selected from 
halogeno; 

(iii) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is 

5 heteroaryl optionally substituted by one or more substituents independently selected from 
halogeno; or 

(iv) G is N; a, b, c and d are each 2; T 1 is CH, T 2 and T 3 are N, X is sulphonyl; Q is thienyl 
optionally substituted by one or more substituents independently selected from halogeno. 

Compounds of special interest include those described in the accompanying 

1 0 examples and their pharmaceutically acceptable salts and are hence provided as a further 
feature of the present invention. 

The compounds of formula I and their pharmaceutically acceptable salts may be 
prepared by processes known to be applicable to the preparation of structurally related 
compounds. These procedures are illustrated by the following representative processes in 

1 5 which the various groups and radicals such as G, T 1 , A, T 2 , T^X and Q are as hereinbefore 
defined (unless stated otherwise), and are provided as a further feature of the present 
invention. In cases where the compounds contain a group such as an amino, hydroxy, or 
carboxy group, this group may be protected using a conventional protecting group which 
may be removed when desired by conventional means. 

20 (a) When T 3 is N, reacting a compound of formula II, or a reactive derivative thereof, 
with an amine of formula III. 

A suitable reactive derivative of an acid of formula II is, for example, an acyl halide 
such as an acyl chloride formed by the reaction of the acid with an inorganic acid chloride 
such as thionyl chloride. Further suitable reactive derivatives include a mixed anhydride 

25 such as an anhydride formed by the reaction of the acid with a chloroformate such as 
isobutyl chloroformate; an active ester such as an ester formed by the reaction of the acid 
and a phenol such as pentafluorophenol, an ester such as pentafiuorophenyl trifluoroacetate 
or an alcohol such as N-hydroxybenzotriazole or N-hydroxysuccinimide; an acylazide, for 
example an azide formed by the reaction of the acid and an azide as dephenylphosphoryl 

30 azide; an acyl cyanide, for example a cyanide formed by the reaction of an acid and a 
cyanide such as diethylphosphoryl cyanide; or the product of the reaction of the acid and a 
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carbodiimide such as MJ^'^cyclohexylcarbodiimide or M<3-dUnemylaminopropyl)-N'- 
ethylcarbodiimide. 

The reaction is conveniently carried out in the presence of a suitable base such as, 
for example, an alkali or alkaline earth metal carbonate, alkoxide, hydroxide or hydride, for 
5 example sodium carbonate, potassium carbonate, sodium ethoxide, potassium butoxide, 
sodium hydroxide, potassium hydroxide, sodium hydride or potassium hydride, or an 
organometallic base such as an alkyl-lithium, for example n-butyl-lithium, or a 
dialkylamino-lithum, for example lithium di-isopropylamide, or, for example, an organic 
amine base such as, for example, pyridine, 2,6-lutidine, collidine, 4- 

10 dimemylaminopyridine, triethylamine, morpholine or diazabicyclo[5.4.0]undec-7-ene. The 
reaction is also preferably carried out in a suitable inert solvent or diluent, for example 
methylene chloride, chloroform, carbon tetrachloride, tetrahydrofuran, 1,2- 
dirnethoxyethane, N^-dimethylformamide, KJ^-dimethylacetamide, N-methylpyrrolidin- 
2-one, dimethylsulphoxide or acetone, and at a temperture in the range, for example, -78° 

15 to 1 50°C, conveniently at or near ambient temperature. 

A suitable protecting group for an amino or alkylamino group is, for example, an 
acyl group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for 
example a methoxycarbonyl, ethoxycarbonyl or tert-butoxycarhonyl group, an 
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroyl group, for 

20 example benzoyl. The deprotection conditions for the above protecting groups necessarily 
vary with the choice of protecting group. Thus, for example, an acyl group such as an 
alkanoyl or alkoxycarbonyl group or an aroyl group may be removed for example, by 
hydrolysis with a suitable base such as an alkali metal hydroxide, for example lithium or 
sodium hydroxide. Alternatively an acyl group such as a JeH-butoxycarbonyl group may 

25 be removed, for example, by treatment with a suitable acid as hydrochloric, sulphuric or 
phosphoric acid or trifluoroacetic acid and an arylmethoxycarbonyl group such as a 
benzyloxycarbonyl group may be removed, for example, by hydrogenation over a catalyst 
such as palladium-on-carbon, or by treatment with a Lewis acid for example boron 
tris(trifluoroacetate). A suitable alternative protecting group for a primary amino group is, 

30 for example, a phthaloyl group which may be removed by treatment with an alkylamine, 
for example dimethylaminopropylamine, or with hydrazine. 
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A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 
arylmethyl group, for example benzyl. The deprotection conditions for the above 
protecting groups will necessarily vary with the choice of protecting group. Thus, for 
5 example, an acyl group such as an alkanoyl or an aroyl group may be removed, for 

example, by hydrolysis with a suitable base such as an alkali metal hydroxide, for example 
lithium or sodium hydroxide. Alternatively an arylmethyl group such as a benzyl group 
may be removed, for example, by hydrogenation over a catalyst such as palladium-on- 
carbon. 

10 A suitable protecting group for a carboxy group is, for example, an esterifying 

group, for example a methyl or an ethyl group which may be removed, for example, by 
hydrolysis with a base such as sodium hydroxide, or for example a tea-butyl group which 
may be removed, for example, by treatment with an acid, for example an oreganic acid 
such as trifluoroacetic acid, or for example a benzyl group which may be removed, for 
15 example, by hydrogenation over a catalyst such as palladium-on-carbon. 

(b) For the preparation of compounds of formula I in which T 2 is N, reacting an amine 
of formula IV, with a compound of formula Z-X-Q in which Z is a displaceable group. 

The reaction will, in general, be conveniently carried out in the presence of a 
suitable base. Suitable bases are those mentioned in (a) above. 
20 A suitable value for the displaceable group Z is, for example, a halogeno or 

sulphonyloxy group, for example a fluoro, chloro, bromo, mesyloxy or 4- 
tolylsulphonyloxy group. 

The reaction is conveniently performed in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0° to 150°C, 
25 conveniently at or near ambient temperature. 

(c) For the preparation of a compound of formula I in which T 1 is N, and wherein A is 
a direct bond, reacting a compound of formula V with an acid of formula H0 2 C-X-Q or a 
reactive derivative thereof. 

The reaction will, in general, be carried out in the presence of a suitable base as 
30 mentioned in (a) above. 
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eonveniently a or near ambient temperature. 

(d) ^aeoraponndofforra^aVIin^chZisaaiaphceab.egroupwifi.an 
5 amine of formula VII. ^ p ™ 311 

^^-^-generaJ.becarnedou.inthepreaenceofasuiuHebaaeaa 
mentioned in (a) above. 

Suitable values for Z are those mentioned in (b) above 
.0 (a^T 0 ™^^ 
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eoncentrated nitric acid, me inboducdon of an acy, group us^T ^ 
30 and Lewis acid ta,h , ■ • pou P usm 8. & example, an acylhalide 
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Particular examples of modifications include the reduction of a nitro group to an amino 
group by for example, catalytic hydrogenation with a nickel catalyst or treatment with iron 
in the presence of hydrochloric acid with heating; oxidation of alkylthio to alkylsulphinyl 
or alkylsulphonyl. 

5 When a pharmaceutically-acceptable salt of a compound of the formula I is 

required, it may be obtained, for example, by reaction of said compound with the 
appropriate acid (which affords a physiologically acceptable anion), or with the appropriate 
base (which affords a physiologically acceptable cation), or by any other conventional salt 
formation procedure. 

1 0 When an optically active form of a compound of the formula I is required, it may 

be obtained, for example, by carrying out one of the aforesaid procedures using an 
optically active starting material or by resolution of a racemic form of said compound 
using a conventional procedure. 

As mentioned previously, the compounds of the formula I (and their 
15 pharmaceutically-acceptable salts) are inhibitors of the enzyme oxido-squalene cyclase. 
Thus, the compounds fo the present invention are capable or inhibiting cholesterol 
biosynthesis and hence in lowering choleserol levels in blood plasma. 

The beneficial pharmacological properties of the compounds of the present 
invention maya be demonstrated using one or more of the following techniques. 
20 (a) Tn vitrn test to nr^snre inhibition of oxido-squalene cyclase 

This test measures the inhibition of microsomal oxido-squalene cyclase in vitro by 
compounds at set concentrations in the incubation medium. 

Microsomes are prepared from rat liver according to methods known in the art, for 
example, the method described in published European Patent Application No 324,421 and 
25 stored in liquid nitrogen prior to assay. Assay vials are kept at 37°C throughout the 

incubation. The microsomes typically contain 15-20mg of protein per ml of microsomes. 
For assay, 1ml of microsomes are diluted by the addition of 722ul of 50mM phosphate 
buffer pH 7.4. 

Phosphate buffered Tween 80 (polyoxyethylene sorbitan monolaurate) is prepared 
30 by adding 0. 1 g tween 80 to 1 00ml of 50mM phosphate buffer. 

A stock solution of oxido-squalene is made up as a solution in ethanol (0.65mg. 
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mi."'). 1*, of radio-labeUedoxid^ene (1^') is evaporated to ^ ^ 

^• f ^a n d^ 1 vedin ln Uof et ha Ml a n dl m ,of t h. st0 ck«oIu fi o,,of 
oxido-squalene is added. 

•n.e.estcompo.mdisdissolvedmdimethylsulphoxide.ogivca ^Mstock 
solution. Dilutions are made from the stock to give 10- ! M, 10^M etc 

s q uale„e m i x(1 5 M , )is a d dedandd le via 1 sp re .incuba tt dfo r ,0 I ninu,esa,37=C A 

reaction .a stopped bvflte addition of315 (l ,ofanux t ureof.6%KOH in 20*eu,anol 

Thesam P'« «e then placeti in a water bati, a. 80-C for 2 hours to sapomfy Atthe 
end of this process water (630*) is added followed by hexane (5rnl>. The samp.es are 

evapo^e .under nitrogen. The aantplea are then recounted in 300,. of a 80:20 ntixture 
ofaacetotufrtieaaopropylalcobol. The samp,es are then chromatographed using a 
Hichrom 30DSS1 column win, an isocratic elution using a 95:5 mixture of 
^.edaopropy.alcoho.andaflowra.eof.ml.nin-.. The output from theUV 
^-"^.oaramo^ca.de^^tovi^aliaeradio.abe.leda^.a 
^^-'^asmecnnv^onofoaido^.lenetol^,,^^^ 
20 of tea, compounds are expressed as an inhibition of tins process 

^ By way of example, me compound described in Example ,0c gave an!C M of 
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Xylene glycobhydroxypropyhnethy, ceHulose mix. After 1 hour the rats are given 



triturated sodium mevalonate (15u£i/kg) intraperitoneally. Two hours after administration 
of the compound the rats are terminated and a piece of liver removed and weighed. The 
tissue is saponified at 80°C for 2 hours in an ethanolic/potassium hydroxide solution (80% 
w/v aqueous KOH diluted 1:10 with ethanol). Water (2ml) is added and the mixture 
5 extracted wiht iso-hexane (2 x 5ml). The organic extracts are combined, evaporated to 
dryness under a stream of nitrogen and the residue is dissolved in a mixture of 
acetonitrile/iso-propanol (300ul). An aliquot (200ul) of this solution is loaded onto a 
HPLC column to separate the sterols. The radio-label content of each fraction is assessed 
using a radio chemical flow detector. Inhibitors of oxido squalene cyclase are classed as 
10 those compounds which caused a build up of substrate and a concomitant disappearance of 
cholesterol and its precursors. ED 50 values are generated in the usual manner. 

By way of example, the compound described in Example 10c below gave 72% 
inhibition of cholesterol biosynthesis when dosed at 5mg/kg. 

No overt toxicity was detected when compounds of the formula I were adminstered 
1 5 at several multiples of their minimum inhibitory dose or concentration. 

As mentioned previously, the compounds of the present invention are inhibitors of 
oxido-squalene cyclase and hence possess the property of inhibiting cholesterol 
biosynthesis. Thus the compounds of the present invention will be useful in treating 
diseases or medical conditions in which an inhibition of choleserol biosynthesis or 
20 lowering of cholesterol levels in blood plasma is desirable, for example, 

hypercholesterolemia and/or ischaemic diseases associated with atheromatous vascular 
degeneration such as atherosclerosis. 

When used in the treatment of diseases and medical conditions such as those 
mentioned above it is envisaged that a compound of formula I, or a pharmaceutically 
25 acceptable salt thereof, will be administered orally, intravenously, or by some other 
medically acceptable route so that a dose in the general range of, for example, 0.01 to 
lOmg per kg body weight is received. However it will be understood that the precise dose 
administered will necessarily vary according to the nature and severity of the disease, the 
age and sex of the patient being treated and the route of administration. 
30 In general, the compounds of formula I, or a pharmaceutically-acceptable salt 

thereof, will usually be administered in the form of a pharmaceutical composition, that is 
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together with a pharmaceutically acceptable diluent or carrier, and such a composition is 
provided as a further feature of the present invention. 

A pharmaceutical composition of the present invention may be in a variety of 
dosage forms. For example, it may be in the form of tablets, capsules, solutions or 
5 suspensions for oral administration, in the form of suppository for rectal administration; in 
the form of a sterile solution or suspension for parenteral administration such as by 
intravenous or intramuscular injection. 

A composition may be obtained by conventional procedures using 
pharmaceutically acceptable diluents and carriers well known in the art. Tablets and 
10 capsules for oral administration may conveniently be formed with a coating, such as an 
enteric coating (for example, one based on cellulose acetate phthalate), to minimise 
dissolution of the active ingredient of formula I, or a pharmaceutically-acceptable salt 
thereof, in the stomach or to mask unpleasant taste. 

The compounds of the present invention may, if desired, be administered together 
1 5 with (or sequentially to) one or more other pharmacological agents known to be useful in 
the treatment of cardiovascular disease, for example, together with agents such as HMG- 
CoA reductase inhibitors, bile acid sequestrants, other hypocholesterolaemic agents such as 
fibrates, for example gemfibrozil, and drugs for the treatment of coronary heart disease. 

As inhibitors of oxido-squalene cyclase, the compounds of the present invention 
20 may also find utility as antifungal agents, and so the present invention also provides a 
method of inhibiting cholesterol biosynthesis in fungi. In particular the present invention 
provides a method of treating fungal infections which comprises administration to a warm 
blooded animal, such as man, in need of such treatment an effective amount of a compound 
of formula I, or a pharmaceutically acceptable salt thereof. When used in this way the 
25 compounds of the present invention may, in addition to the formulations mentioned above, 
be adapted for topical administration and such a composition is provided as a further 
feature of the present invention. Such compositions may be in a variety of forms, for ' 
example creams or lotions. 

Compounds of formula I are described in published PCT patent application 
30 No.WO 96/10022. This reference also describes the prepartion of intermediates useful in 
the preparation of compounds of formula I in general and in particular to some of the 
compounds described below. 
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The invention will now be illustrated by the following non-limiting Examples in 
which, unless otherwise stated:- 

(I) evaporations were carried out by rotary evaporation in vacuo : 
(ii) operations were carried out at room temperature, that is in the range 1 8-26°C; 
5 (iii) flash column chromatography or medium pressure liquid chromatography (MPLC) 
was performed on silica gel (Merck Kieselgel Art.9385, obtained from E Merck, 
Darmstadt, Germany); 

(iv) yields are given for illustration only and are not necessarily the maximum attainable 

by diligent process development; 
1 0 (v) proton NMR spectra were normally determined at 200 MHz using tetramethylsilane 

(TMS) as an internal standard, and are expressed as chemical shifts (delta values) obtained 

in DMSO-dg (unless stated otherwise) in parts per million relative to TMS using 

conventional abbreviations for designation of major peaks: s, singlet, m, multiplet; t, 

triplet; br, broad; d, doublet; 
1 5 (vi) all end-products were characterised by microanalysis, NMR and/or mass 

spectroscopy; and 

(vii) conventional abbreviations are used for individual radicals and recrystallisation 
solvents, for example, Me = methyl, Et = ethyl, Pr = Propyl, Pr* = isopropyl, Bu = butyl, 
Bui = isobutyl, Ph = phenyl; EtOAc = ethyl acetate, Et20 = ether, MeCN = acetonitrile, 
20 MeOH = methanol, EtOH - ethanol, PriOH = 2-propanol, H2O =. water. 

Example 1 

3 -Methyl- l-(2-naphthylsulphonyl)piperazine (1.8g) and triethylamine (3.18ml) 
were added in turn to a stirred solution of l-(4-pyridyl)piperidine-4-carbonyl chloride 

25 (1 .54g) in methylene chloride (20ml) and the mixture was stirred at ambient temperature 
for 1 6 hours. The mixture was partitioned between ethyl acetate and water. The organic 
phase was washed with water, dried (MgS0 4 ) and evaporated. The residue was purified by 
column chromatography using a 89:10:1 mixture of ethyl acetate; methanol and ammonia 
as eluent. The material so obtained was triturated under diethyl ether to give 3-methyl-l- 

30 (2-naphthylsulphonyl)-4-[l-(4-pyridyl)piperidin-4-yl-carbonyl]piperazine (32% yield); 
NMR (100°C): 1.5-1.75 (m, 4H), 2.45-2.7 (m, 3H), 3.19 (m, 1H), 3.57 (m, 1H), 3.75 (m, 
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3H), 4.06 (d, 1H), 4.52 (m, 1H), 6.65 (d, 2H), 7.6-7.79 (m, 3H), 8.0-8.15 (m, 5H), 8.38 (s, 
1H); Microanalysis Found: C, 64.1; H, 6.4; N, 1 1.3; C 26 H 30 N 4 0 3 S 0.25EtOAc 0.15H 2 0 
requires: C, 64.4; H, 6.47; N, 11.1%. 



The 3-methyl-l-(2-naphthylsulphonyl)piperazine used as a starting material was 
obtained in quantitative yield by the reaction of 2-methylpiperazine and 2- 
naphthylsulphonyl chloride using an analogous procedure to that described in Example 2. 

Example 2 

A solution of 2-naphthylsulphonyl chloride (0.55g) in methylene chloride (10ml) 
was added to a stirred mixture l-[l-(4-pyridyl)piperidin-4-ylcarbonyl]piperazine 
trihydrochloride salt (0.85g), triethylamine (3.1ml) and methylene chloride (80ml) and the 
resultant mixture was stirred at ambient temperature for 1 8 hours. The mixture was 
partitioned between methylene chloride and water. The organic phase was washed with 
water, dried (MgS0 4 ) and evaporated. The residue was purified by column 
chromatography using increasingly polar mixtures of methylene chloride and methanol 
(100:6 to 100:10) as eluent. There was thus obtained l-(2-naphthylsulphonyl)-4-[l-(4- 
pyridyl)piperidin-4-ylcarbonyl]piperazine as a solid (0.727g); 

NMR: 1.4-1.65 (m, 4H), 2.75-3.05 (m, 7H), 3.5-3.7 (m, 4H), 3.8-3.95 (m, 2H), 6.8 (d, 2H), 
7.65-7.8 (m, 3H), 8.05-8.25 (m, 5H), 8.45 (d, 1H); Microanalysis Found: C, 63.4; H, 6.1; 
N, 1 1.5%; C 2S H 28 N 4 0 3 S 0.5H 2 0 requires C, 63.4; H, 6.1; N, 1 1.8%. 



The l-[l-(4-pyridyl)piperidin-4-ylcarbonyl]piperazine used as a starting material 
was obtained as follows: 

Thionyl chloride (1.6ml) was added dropwise to a stirred suspension of l-(4- 
pyridyl)pi P eridine-4-carboxyIic acid (2.17g) in methylene chloride (30ml) and the mixtui 
was stirred at ambient temperature for 1 hour. The mixture was evaporated to give l-(4- 
pyridyl)piperidine-4-carbonyl chloride which was used without further purification. 

The material so obtained was suspended in methylene chloride (30ml) and 
triethylamine (7.8ml) and a solution of 1-terJ-butoxycarbonyipiperazine (2.08g) in 
methylene chloride (10 ml) were added in turn. The mixture was stirred at ambient 
temperature for 4 hours. The mixture was partitioned between methylene chloride and 
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water. The organic phase was washed with water, dried (MgS0 4 ) and evaporated. The 
residue was purified by column chromatography using increasingly polar mixtures of 
methylene chloride and methanol as eluent (100:5 to 100:13). There was thus obtained 1- 

5 A saturated solution of hydrogen chloride in diethyl ether (25ml) was added to a 

stirred solution of the 1-lsrl-butoxycarbonylpiperazine so obtained in methylene chloride 
(120ml) and the mixture was stirred at ambient temperature for 1 8 hours. The mixture was 
evaporated and me residue was triturated under diethyl ether. There was thus obtained 1- 
[l-(4-pyridyl)piperidin-4-ylcarbonyl]piperazine trihydrochloride salt (2.85g); 

10 NMR: 1.5-1.9 (m, 4H), 3.0-3.2 (m, 7H), 3.6-3.85 (m, 4H), 4.15-4.3 (m, 2H), 7.2 (d, 2H), 
8.2 (d,2H). 



Example 3 

The procedure described in Example 2 was repeated except that 8-chloronaphth-2- 
15 ylsulphonylchloridewasusedinplaceof2-naphthylsulphonylchloride. Therewasthus 
obtained l-(8-chloronaphth-2-ylsulphonyl)-4-[l-(4-pyridyl)piperidin-4- 
ylcarbonyl]piperazine in 74% yield; 

NMR(CD 3 SOCD 3 + CD 3 C0 2 D): 1.35-1.7 (m, 4H), 2.85-3.15 (m, 7H) ; 3.5-3.7 (m, 4H), 
3.95-4.1 (m, 2H), 7.0 (d, 2H), 7.75 (t, 1H), 7.85-7.95 (m, 2H), 8.1-8.2 (m, 3H), 8.3 (d, 1H), 
20 8.55 (s, 1H); Microanalysis, Found: C, 59.4; H, 5.5; N, 10.9%; C 2S H 27 C1N 4 0 3 S 0.5H 2 O 
requires: C, 59.1; H, 5.5; N, 11.0%. 



Example 4 

Using an analogous procedure to that described in Example 2, 2-naphthylsulphonyl 
25 chloride was reacted with 3-ethoxycarbonyl-l-[l -(4-pyridyl)piperidin-4- 

ylcarbonyljpiperazine to give 2-ethoxycarbonyl-l-(2-naphthylsulphonyl)-4-[l-(4- 
pyridyl)piperidin-4-ylcarbonyl]piperazine in 31% yield; 

NMR (100°C): 1.05 (t, 3H), 1-5-1.8 (m, 4H), 2.9-3.25(m, 5H), 3.35-3.5 (m, 2H), 3.7-4.15 
(m, 7H), 5.5-5.7 (m, 2H), 6.75-6.95 (m, 2H), 7.6-7.85 (m, 3H), 8.0-8.15 (m, 5H), 8.45 (d, 
30 1H); Microanalysis, Found: C, 60.4; H, 6.1; N, 10.1%; C 2g H 32 N 4 0 5 S.H 2 0 requires C, 60.6; 
H, 6.1; N, 10.1%. 
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starting material was obtained as follows: 

Using an analogous procedure to that described in Example 1 1<4 
5 P^yOpiperidme^carbcn.lcnloridewasreactedwimem.l l-ben^lpip^. 
^CB*^* ,9o2,,,23 8 3>,og iv e Lben^l^carbon^,,- 
(4-p5T.dyl)p 1 peridm^ylca r bonyl]piperazinein67% y ield. 

A ^ofmematerialsoobt^ ( 0.667 g ),trifluor O a^cacid( 2ml ), ,0% 
.0 p re ssureof hydrogenfor48hours . ..e mixbare was filtered and evaporated, 

s7u t rr b ^ nmethy,mech,orideanda — — 

ounon. ^o^cphasewaswasbedwimwater.driedCMgSO.andevaporated 
quantitative yield; 

>5 NMR: IM^X*. '^.0(m,4H,,2.7.3,5 ( m, 8 H),3.6. 3 , 5( m,2H, 3 9-4 05<m 
2H), 4.15-4.3 (m> 2H), 6.75 (d, 2H), 8.3 (d, 2H). ^ 



Examp lp <; 

20 



Using an analogous procedure to that described in Example 2 H U 4 . 



were confirmed by NMR spectroscopy. Unless otherwise stated 
styrenes usmg an analogous procedure to that described in Note b. below TabL. 
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Table I 




Example 5 R m . p . yield 

Compound No (°C) (o/ 0 ) 



10 



l a 


4-methyl 


223-226 


42 


2 b 


4-trifluoromethyl 


foam 


30 


3 C 


2-methyl 


148-149 


37 


4 d 


4-fluoro 


125-126 


55 


15 5 e 


2-chloro 


foam 


39 


6 f 


3,4-dichloro 


foam 


33 


7 8 


4-bromo 


foam 


54 



Notes 

20 

a. The product gave the following NMR signals: 1 .4-1 .85 (m, 4H), 2.3 (s, 3H), 2.95-3.3 
(m, 7H), 3.6 (m, 4H), 4.07 (m, 2H), 7.0 (m, 3H), 7.25 (m, 3H), 7.5 (d, 2H), 8.05 (d, 2H). 

b. The product gave the following NMR signals (CD 3 SOCD 3 + CD 3 C0 2 D): 1.5-1.85 (m, 
4H), 3.0-3.3 (m, 7H), 3.55-3.75 (m, 4H), 4.15 (m, 2H), 7.1 (d, 2H), 7.5 (m, 2H), 7.8 (d, 

25 2H), 7.95 (d,2H), 8.15 (d,2H). 

c. The product gave the following NMR signals : 1.45-1.75 (m, 4H), 2.4 (s, 3H), 2.85-3.25 
(m, 7H), 3.55-3.75 (m, 4H), 3.92 (m, 2H), 6.8 (d, 2H), 7.1-7.4 (m, 4H), 7.68 (m, 2H), 
8.15 (d,2H). 



WO 97/06802 



-28- 



PCT/GB96/01985 



d. The product gave the following NMR signals: 1.45-1.75 (m, 4H), 2.85-3.0 (m, 3H), 
3.05-3.2 (m, 4H), 3.5-3.75 (m, 4H), 3.92 (m, 2H), 6.85 (d, 2H), 7.2-7.5 (m, 4H), 7.85 
(m,2H), 8.15 (d,2H). 

e. The product gave the following NMR signals: 1.45-1.75 (m, 4H), 2.85-2.95 (m, 3H), 
5 3.05-3.25 (m, 4H), 3.55-3.75 (m, 4H), 3.92 (m, 2H), 6.8 (d, 2H), 7.4-7.7 (m, 5H), 8.0 

(m, 1H), 8.1(d,2H). 

f. The product gave the following NMR signals (CD 3 SOCD 3 + CD 3 C0 2 D): 1 .5-1 .9 (m, 
4H), 3.0-3.3 (m, 7H), 3.55-3.75 (m, 4H), 4.15 (m, 2H), 7.1 (d, 2H), 7.4 (d, 2H), 7.7 (m, 
2H), 8.1 (s, 1H), 8.15 (d,2H). 

10 g. The product gave the following NMR signals (CD 3 SOCD 3 + CD 3 C0 2 D): 1.55-1.85 (m, 
4H), 3.0-3.35 (m, 7H), 3.6-3.75 (m, 4H), 4.17 (m, 2H), 7.1 (d, 2H), 7.15-7.5 (m, 2H), 
7.65 (m,4H), 8.15 (d,2H). 

15 Example 6 

Using an analogous procedure to that described in Example 2, l-[l-(4- 
pyridyl)piperidin-4-ylcarbonyl]piperazine was reacted with the appropriate 2- . 
naphthalenesulphonyl chloride. There was thus obtained the compounds disclosed in Table 
20 II, the structures of which were confirmed by NMR spectroscopy. Unless otherwise stated, 
the appropriate naphthylsulphonyl chlorides were obtained from the corresponding 
naphthalenes using an analogous procedure to that described in Note b. below Table III in 
Example 7. 



Table IT 



25 
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Example 6 R 
Compound No 



5 2 b 
3 C 
4 d 
5 e 



7-ethoxy 

6-chloro 

6-bromo 

6-methoxy 

6-fluoro 



-29- 

m.p. 
(°C) 



Yield 



glass ^ 
115 (decomposes) 82 
142-145 81 
gum 28 
108-111 (decomposes) 73 



a The product gave the following NMR signals: 1.35-1.7 (m, 4H), 1.45 (t, 3H), 2.8- 
15 3.05 (m, 7H), 3.3 (m, 2H), 3.5-3.7 (m, 4H), 3.83 (m, 2H), 4.2 (m, 2H), 6.85 (d, 2H), 7.35 
(m, 1H), 7.58 (m, 2H), 7.95-8.15 (m, 4H), 8.3 (d, 1H). 

b The product gave the following NMR signals (CD 3 SOCD 3 + CD 3 C0 2 D): 1 .45-1 .8 
(m, 4H), 2.9-3.1 (m, 5H), 3.22 (m, 2H), 3.55-3.75 (m, 4H), 4.1 (m, 2H), 7.05 (d, 2H), 7.65- 
7.85 (m, 2H), 8.1-8.25 (m, 5H), 8.45 (s, 1H); and the following analytical data: Found C, 
20 58.9; H, 5.3; N, 10.9%; C 25 H 27 C1N 4 0 3 S 0.2CH 2 C1 2 requires: C, 58.7; H, 5.3; N, 10.9%. 

The 6-chloro-2-naphthylsulphonyl chloride used as a starting material was obtained 
as follows: 

A solution of sodium nitrite (2.7g) in water (5ml) was added during 2 hours to a 
stirred mixture of 6-amino-2-naphthalenesulphonic acid (8.8g), dilute aqueous 
25 hydrochloric acid (2.8% weight/volume, 20ml) and water (15ml) which had been cooled to 
0°C. The mixture was stirred at 0°C for 30 minutes and then poured onto a stirred 
suspension of cuprous chloride (3.96g) in dilute aqueous hydrochloric acid (2.8%, 20ml). 
The mixture was stored at ambient temperature for 18 hours. The mixture was evaporated 
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The material was suspended in DMF ttOmn »nw , , ^caoon. 

' (MgS0 4 ) and evaporated. ^ rcsidue ^ ^ — - 

1H), 8.05 (m , 2H), 8.2 (s, IH). ^ " ^ ,H) ' 7 85 < d - 

<=■ ^P^ u «6aveftefoUov™ g ^ siaial! ..,„,,,, 

2H).7.32( m , 1H)7 ^ m r; , 7; ^• 76ftl ^ 3 ^'.'H),3.« (s ,3„ ) ,, 7(d , 
» H- 6 raeft , * * 8 ' 03 ta 812 <* 2W >. «■ (* 1H) 
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hours. The mixture was poured onto ice. The precipiate was isolated and dried. There 
was thus obtained 6-methoxy-2-naphthylsulphonyl chloride (0.7g) which was used without 
further purification. 

e. The product gave the following NMR signals (CD 3 SOCD 3 + CD 3 C0 2 D): L45-1.8 
5 (m, 4H), 2.9-3.1 (m, 5H), 3.22 (m, 2H), 3.55-3.75 (m, 4H), 4.12 (m, 2H), 7.1 (d, 2H), 7.57 
(m, 1H), 7.75-7.9 (m, 2H), 8.15 (m, 2H), 8.3 (m, 1H), 8.5 (d, 1H). 

The 6-fluoro-2-naphthylsulphonyl chloride used as a starting material was obtained 

as follows: 

6-Amino-2-naphthalenesulphonic acid (5.41g) was added portionwise during 10 
10 nunutes to a stirred suspension of ni^ in methylene 

chloride (1 00ml) which had been cooled to 5°C. The mixture was stirred at 5°C for 2 
hours and at ambient temperature for 18 hours. The mixture was evaporated and 1,2- 
dichlorobenzene (100ml) was added to the residue. The mixture was stirred and heated to 
150°C for 2 hours. The mixture was cooled to 5°C and thionyl chloride (3.6ml) and DMF 

15 (10ml) were added. The mixture was stirred at ambient temperature for 1 8 hours. The 
mixture was partitioned between methylene chloride and water. The organic phase was 
dried (MgS0 4 ) and evaporated. The residue was purified by column chromatography 
using a 9:1 mixture of hexane and ethyl acetate as eluent. There was thus obtained 6- 
fluoro-2-naphthylsulphonyl chloride (1.53g); NMR: 7.4 (m, 1H), 7.65-7.9 (m, 3H), 8.05 

20 (m,2H),8.2(d,lH). 



Example 7 

Using an analogous procedure to that described in Example 2, l-[l-(4- 
25 pyridyl)piperidin-4-ylcarbonyl]piperazine was reacted with the appropriate 

benzenesulphonyl chloride. There were thus obtained the compounds disclosed in Table 
III, the structures of which were confirmed by NMR spectroscopy. 
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lahkm 



5 Example 7 R 

m -P- Yield 

Compound No , on . 

( C ) (%) 



2 b 



4 - bromo glass 67 



4-(4-chlorophenyl) glass 61 
10 



15 



a. The product gave the following NMR signals: 1.4-1.7 (m ,4H), 2.8-3.0 (n, 7H) 

2H), 7.75 (d,2H), 7.9 (d,2H), 8.15 (d,2H). 

^Woro^bipnen^^ 
obtained as follows: enaiwas 

25 u ^^^^^'^^^^'^^of^ 
" ^^T'^^^^^-^-^v-^a,^, 
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There was thus obtained 4'-chloro-4-biphenylylsulphonic acid (26.8g). 

Thionyl chloride (0.85ml) was added dropwise to a stirred solution of 4'-chloro-4- 
biphenylylsulphonic acid (1 .7g) in DMF (120ml) which had been cooled to 5°C. The 
mixture was stirred at ambient temperature for 3 hours. The mixture was poured into water 
5 and the resultant precipitate was isolated, dissolved in diethyl ether, dried (MgS0 4 ) and re- 
isolated by evaporation of the solvent. There was thus obtained 4'-chloro-4- 
biphenylylsulphonyl chloride (0.7g) which was used without further purification. 

Example 8 

10 

Using an analogous procedure to that described in Example 2 except that DMF was 
used in place of methylene chloride as the reaction solvent, I-(2-[4-(4-pyridyl)piperazin-l- 
yl]acetyl)piperazine was reacted with 2-naphthylsulphonyl chloride to give l-(2- 
naphthylsulphonyl)-4-(2-[4-pyridyl)pipera2dn-l-yl]acetyl)piperazine in 22% yield; 

15 NMR (CD3SOCD3 + CD 3 C0 2 D): 2.4-2.5 (m, 4H), 2.9-3.05 (m, 4H), 3.15 (s, 2H), 3.3-3.45 
(m, 4H), 3.45-3.65 (m, 4H), 6.95 (d, 2H), 7.5-7.75 (m, 3H), 7.95-8.2 (m, 5H), 8.4 (s, 1H); 
Microanalysis, Found: C, 62.1; H, 6.1; N, 14.4%; C 2s H 29 N 5 0 3 S requires: C, 62.6; H, 6.1; 
N, 14.6%. 

20 The 1 -(2-[4-(4-pyridyl)piperazin- 1 -yl]acetyl)piperazine used as a starting material 

was obtained as follows: 

H,H'-Dicyclohexylcarbodiimide (0.84g) was added to a stirred mixture of 2-[4-(4- 
pyridyl)piperazin-l-yl]acetic acid (lg), l-(Iejl-butoxycarbonyl)piperazine (0.67g), H- 
hydroxybenzotriazole (0.3 82g), H-methylmorpholine (0.79ml) and DMF (30ml) which had 
25 been cooled to 5°C. The mixture was stirred at ambient temperature for 1 8 hours. The 
mixture was evaporated and the residue was purified by column chromatography using a 
17:3 mixture of methylene chloride and methanol as eluent. There was thus obtained 1- 
(iert-butoxycarbonyl)-4-(2-[4-(4-pyridyl)piperazin-l-yl]acetyl)piperazine as a foam 
(0.87g). 
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A mixture of a portion (0.75g) of the material so obtained, trifluoroacetic acid (2ml) 
and methylene chloride (5ml) was stirred at ambient temperature for 4 hours. The mixture 
was evaporated to give l-(2-[4^4-pyridyl)piperazin-l-yl]acetyl)piperazine in quantitative 
yield; 

5 NMR: 3.05-3.25 (m, 4H), 3.55-3.7 (m, 2H), 3.7-3.8 (m, 2H), 3.9-4.1 (m, 4H), 4.3 (s, 2H), 
7.3 (d, 2H), 8.4 (d, 2H), 9.35 (s, 2H). 

Example 9 

1 0 A mixture of succinimido 1 -(4-pyrimidinyl)piperidine-4-carboxy late (0.326g), 1 - 

[(E)-4-chlorostyrylsulphonyl]piperazine (0.4g) and DMF (5ml) was stirred at ambient 
temperature for 16 hours. The mixture was partitioned between ethyl acetate and water. 
The organic phase was washed with water, dried (MgS0 4 ) and evaporated. The residue 
was purified by column chromatography using a 49:1 mixture of methylene chloride and 

15 methanol as eluent. The material so obtained was recrystallised from acetonitrile. There 
was thus obtained l-[(E)-4-chlorostyrylsulphonyl]-4-[l-(4-pyrimidinyl)piperidin-4- 
ylcarbonyl]piperazine (0.1 33g, 22%), m.p. 209-2 10°C; 

NMR: 1.3-1.6 (m, 2H), 1.7 (m, 2H), 2.9-3.2 (m, 7H), 3.5-3.8 (m, 4H), 4.4 (m, 2H), 6.8 (d, 
1H), 7.4 (m, 4H), 7.8 (d, 2H), 8.15 (d, 1H), 8.45 (s, 1H); microanalysis, found: C, 55.2; H, 
20 5.5; N, 14.7%; C^H^ClNsC^S requires: C, 55.5; H, 5.5; N, 14.7%. 

The succinimido l-(4-pyrimidinyl)piperidine-4-carboxylate used as a starting 
material was obtained as follows: 

4-Chloropyrimidine hydrochloride was reacted with ethyl piperidine-4-carboxylate 
25 to give ethyl l-(4-pyrimidinyl)piperidine-4-carboxylate in 46% yield. A mixture of the 
material so obtained (0.5g), 2N aqueous hydrochloric acid (5ml) and THF (15ml) was 
stirred and heated to reflux for 18 hours. The mixture was evaporated and the residue was 
washed with ethyl acetate. There was thus obtained l-(4-pyrimidinyl)piperidine-4- 
carboxylic acid hydrochloride salt (0.49g, 95%); 

30 NMR: 1 .6 (m, 2H), 2.0 (m, 2H), 2.7 (m, 1H), 3.4 (m, 2H), 4.5 (broad s, 2H), 7.2 (d, 1H), 
8.3 (d, 1H), 8.8 (s, 1H). 
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A mixture of the acid so obtained, H-hydroKysuccinimide (0.29g), triethylamine 
(OMgW-dinKW^ 

stirredatambienttemperatureforShour, The mixture was partitioned between ethyl 
acetate and water. The organicphase was washed with water, dried (MgS0 4 ) and 
5 evaporated. There was thus obtained succinimido H 4-pvrimidinyl)piperidme4. 
carboxylate which was used without further purification. 

The l-[(E)-4-chlorostyrylsulphonyl)piperazine used as a starting material was 
obtamedm42%vieldbyme^ 

chloride using an analogous procedure to that described in Example 2. 

10 

F.Yam ple 10 

Using an analogous precedure to that described in Example 1, l-(4- 
pyridyl P iperidine-4-carbonyl chloride was reacted with the appropriate 1 - 
15 ( P henylsulphonyl)piperazine. There was thus obtained the compounds disclosed « Table 
IV, the structures of which were confirmed by NMR spectroscopy. 



Table IV 
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5 



Example 10 


R 


m.p. 


Yield 


Compound No. 




(°C) 


(%) 


l a 


4-(4-bromophenyl) 


203-207 


54 


2 b 


4-(3,5-dichJorophenyl) 


gum 


13 


3 c 


4-iodo 


glass 


79 



10 Notes 



7-55-7.65 (m, 4H), 7.8-7.9 (m, 4H), 8.1 (d, 2H). 
b- The product gave the following NMR signals: 1.5-1.75(m 4H1 28 . iw ™ 



25 



The starting material l-O'^'-dichlorobiphenyM-vlsulnhn.vn ■ 
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. Tta product gave the followingNMR signals: 1.41-1.64 (m, 4H), 2.82-2.91 (m, 
7H), 3 .S3-3.62(m,4H),3.89(d,2H),6.78(d,2H),7.49(d,2H);8.02(d,2H),8.10(o,2H). 



5 f y ample 11 

Using an analogous procedure to that described in Example 1, l-(4- 
pyri dyl) P iperidine4.carbonyl chloride ^^^^H^m^ATt 

ethoxycarbonyl-l-[l-^^ in 37% yidd; 

N MR(100»C):1.2(UH),1.5-l.S(m,4H),2.6(m s 1^2.8^1^2.85-3.05^4^ 
3 65-3 85 (m, 3H), 4.05-4.25 (m, 4H), 5.1 (m, IH), 6.7 (d, 2H) 5 7.65 (m, IH), 7.B (m, IH), 
8.1-8.25 (m, 5H), 845 (d, IH); microanalysis, found: C, 58.5; H, 5.6; N, 9.6%; 
C 28 H 31 C1N 4 0 5 S requires: C, 58.9; H, 5.5; N, 9.8%. 



10 



15 

f.tam ple 12 



Using an analogous procedure to that described in Example 1, l-(4- 
pyridyDpiperidine-4-carbonyl chloride was reacted with 2-benzyl-l-(2- 
20 naphmylsulphonyl)pi P era^^^ 

pyridyDpiperidin-4-ylcarbonyllpiperazine in 70% yield; m.p. 186-188°C; 
NMR: 1.6(m,4H);2.7(m,3H);3.0(m,4H),3.9(m,4H),4.2(d,2H),6.6(d 3H) 7.2(d 
5H), 7.7 (m, 3H), 8.1 (m, 5H), 8.5 (s, IH). Microanalysis, found: C, 67.9; H, 6.3; N, 9.8 /.; 
C 32 H 34 N 4 0 3 S 0.6H 2 O requires: C, 68.0; H, 6.3; N, 9.9%. 

25 

The 2-benzyl-l-(2-naphthylsulphonyl)pi P erazine used as a starting material was 
obtained as follows: 

H-Methylmorpholine (3.12ml) was added to a stirred mixture of N-tefr 
butoxycarbonyl-DL-phenylalanine (3g), H-benzylglycine ethyl ester (2.1 8g), N- 
30 hydroxybenzotriazole(1.26g)andDMF(50ml)whichhadbeencooledtoO=C. The 
mixture was stirred at 0°C for 30 minutes and at ambient temperature for 1 6 hours. The 
mixture was filtered and the filtrate was evaporated. The residue was partitioned between 
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hexane and ethyl acetate as eluent to give a solid (3.7g). 
to gtve phenylalaovl-H-beazylglycine ethyl ester (2.65g); 

> 0 ( o, 5 /TTr fa ^ on(o ' 58 ^^^ 

;°- ,M r° nof ^ Midto ~^>-^« i hea tt d to 

^-^^^.Tl.eor^cphaaewas^edwid.^dHedCMgSO, 
2~ -^^^c^t^^ osing incls^ 

15 d>be nZ yl-2,5-dio X opipe ra2 ine(0.29g),m.p.l73.174»C. 

Afterrepetition of the previous reaction, a mixture of 1 J*™,.; 5 . 

-redartdheatedtoretofor.Sminn^. The mixture was cooied to ambient 
^-~^-~«.3.« ta . The n.^ Jevapon^ 
so.nt.ononujwasaddedandmentixtnrewashea.dtoretefe, hour . ^ 

carhonatesoionon.Theorganicphasewaswashed^^r.driedCMgSorand 

^^^^^^^^^^ 
dlb enzylpip eraz i ne (0.29g). 

30 dro ASOMOn0fthCmatt ^ SOOWn£dtam ^»«^e(3 m ,),wasadd^ 
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(0.7ml) was methylene chloride (5ml) which had been cooled to 0°C. The mixture was 
stirred at ambient temperature for 16 hours. The mixture was evaporated and the residue 
waspartitionedbetweenmethylenechlorideandwater. The organic phase was washed 
with water, dried (MgS0 4 ) and evaporated. The residue was purified by column 
5 chromatography using increasingly polar mixtures of methylene chloride and methanol as 
eluent There was thus obtained 2,4-diben2yl-l-(2-naphthylsulphonyl)piperazine (0.37g); 
NMR: 1.8 (m,2H), 2.6 (m,3H), 3.1 (m, 2H), 3.45 (d. 1H), 3.75 (d, 1H), 4.1 (s, 1H), 6.95 
(m, 2H), 7.1 On. 3H), 7.25 (s, 5H), 7.75 (m, 3H), 8.1 (m, 3H), 8.5 (s, 1H). 

A mixture of the material so obtained, 10% palladium-on-carbon catalyst (0.23g) 
1 0 and methylene chloride (50ml) was stirred under an atmosphere of hydrogen for 24 hours. 

The mixture was filtered and the filtrate was evaporated. The residue was purified 
by column chromatography using a 99:1 mixture of methylene chloride and methanol as 
eluent. There was thus obtained 2-benzyl-l-(2-naphthylsulphonyl)piperazine (0.08g). 
NMR: 2.4-2.8 (m, 4H), 3.1-3.4 (m, 3H), 3.6 (d, 1H), 4.0 (t, 1H), 7.2 (m, 5H), 7.7 (m, 3H), 
15 8.1(m,3H),8.4(s,lH). 

Example 13 

A mixture of l-(4-pyridyl)piperazine (0.163g)and 4-nitrophenyl-4-(6- 
20 cWoronaphm-2-ylsulphonyl)pi P erazine-l-carboxylate (0.475g) in DMF (5ml) was stirred 
and heated to 100°C for 16 hours. The mixture was evaported and the residue was 
partitioned between ethyl acetate and 2N aqueous hydrochloric acid. The aqueous layer 
was basified by the addition of dilute aqueous sodium hydroxide solution and the mixture 
was extracted with ethyl acetate. The organic extract was dried (MgS0 4 ) and evaporated. 
25 The solid so obtained was recrystallised from a mixture of isohexane and ethyl acetate. 
There was thus obtained l-(6-chloronaphth-2-ylsulphonyl)-4-[4-(4-pyridyl)piperazin-l- 
ylcarbonyl)piperazine (0.34g); NMR: 2.95-3.05 (m, 4H), 3.15-3.3 (m, 12H), 6.75(m, 2H), 
7.75 (m, 1H), 7.8 (m, 1H), 8.1-8.3 (m, 5H), 8.5 (s, 1H); Microanalysis, found: C, 57.5; H, 
5.3; N, 13.9%; C 24 H 26 C1N 5 0 3 S requires: C, 57.7; H, 5.2; N, 14.0%. 
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The 4-nitrophenyl 4<6-cWoronaphth-2^^ ^ 
as a starting material was obtained as follows: 

A solution of 4-nitrophenyl chloroformate (0.4g) in methylene chloride (15ml) was 
added to a stirred mixture of H6-chlo ro naphth-2-ylsulphonyl )p iperazine hydrochloride 
5 salt (0.69 g)> triethylamine (0.56ml) and methylene chloride (30ml) which had been cooled 
to 0°C. The mixture was stirred at ambient temperature for 16 hours. The mixture was 
evaporated and the residue was partitioned between ethyl acetate and a concentrated 
aqueous sodium bicarbonate solution. The organic solution was washed with IN aqueous 
hydrochloric acid solution and with water, dried (MgS0 4 ) and evaporated. The solid so 
10 obtame^wasrecryst^ Therewasthus 
obtained 4-nitrophenyl 4-(6-chloronaphm-2-ylsu^^ 

NMR: 3.1 (m, 4H), 3.5-3.75 (m, 4H), 7.25 (m, IH), 7.38 (d, 2H), 7.85(m, IH), 8.15-8 3 (m 
5H), 8.5 (s, IH). ' ' 



15 Example 14 

Using an analogous procedure to that described in Example 1 , l-(4- 
pyridyDpiperidine-4-carbonyl chloride was reacted with 4-(2-naphthvlthio)piperidine to 
give 4-(2-naph%lthio)- H ^ in 62% ^ 

20 NMR (100°C): 1.25-1.75 (m, 6H), 1.87-2.1 (brs, 2H), 2.78-3.0 (m, 4H), 3.20 (d, IH) 3 64 
(m, IH), 3.6-4.04 (m, 3H), 4.2 (d, IH), 6.78 (d, 2H), 7.44-7.58 (m, 3H), 7.63-7.74 (m, 3H), 
7.75 (d, IH), 8.12 (s, 2H); Microanalysis found: C, 72.2; H, 6.7; N, 9.7%; C 26 H 29 N 3 OS 
requires: C, 72.4; H, 6.8; N, 9.7%. 



follows: 



The 4-(2-na P hthylthio)piperidine used as a starting material was obtained a 



A solution of 2-naphthalenethiol (2.34g) in DMF (10ml) was added dropwise to a 
stnred mixture of sodium hydride (60% dispersion in mineral oil, 0.65g) and DMF (20ml) 
whichhadbeencooledto 10°C. The resultant mixture was stirred at 0°C for 30 minutes 
30 A solution of J^-butyl 4-mesyloxypiperidine-l-carboxylate (3.9 g ) in DMF (40ml) was 
added dropwise. The mixture was allowed to warm to ambient temperature. The mixture 
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was partitioned between ethyl acetate and water. The organic phase was washed with 
water, dried (MgS0 4 ) and evaporated. The residue was purified by column 
chromatography using methylene chloride as eluent. There was thus obtained tsn-butyl 4- 
(2-naphthylthio)piperidine-l -carboxylate (0.65g). 
5 A mixture of the material so obtained and trifluoroacetic acid was stirred at ambient 

temperature for 30 minutes. The mixture was diluted with ethyl acetate and washed with 
2N aqueous sodium hydroxide solution. The organic solution was dried (M g S0 4 ) and 
evaporated. There was thus obtained 4-(2-naphthylthio)piperidine (0.32g); 
NMR: 1.42 (m, 2H), 1.88 (m, 2H), 2.58 (m, 2H), 2.94 (m, 2H), 3.43 (m, 1H), 7.5 (m, 3H), 
10 7.89 (m,4H). 

Example. 15 

To a solution of l-(4-pyridyl)pi P erazine(357mg), 1-hydroxybenztriazole (300mg), 
15 N-methylmorpholine (0.36ml) andN-(2-sulphonylnaphthylene)nipecotic acid (700mg) in 
DMF (20ml), cooled to 0'C, was added 1,3-dicyclohexylcarbodiimide (70mg). The 
resulting mixture was allowed to warm to room temperature and stirred for 18 hours. The 
mixture was concentrated and purified by flash column chromatography on silica eluting 
with methanol/methylene chloride (8:92 v/v) to give l-(2-naphthylsul P honyl)-3-(l-(4- 
20 py ridyl)piperidin-4-ylcarbonyl)piperidine(250mg)asawhitefoam; 

NMR: 0.95-1.75 (m,6H), 2.3-2.45 (m, 2H), 2.55-2.65 (m, 1H), 3.5-3.75 (m, 8H), 7.05 (d, 
2H); 7.6-7.75 (m, 3H); 8.0-8.2 (m, 5H); 8.4 (s, 1H). 

The N-(2-sulphonylnaphthylene)nipecotic acid used as a starting material was 

25 obtained as follows: 

Triethylamine (4ml) was added to a solution of 2-naphthylenesulphonyl chloride 
(1.45g) in methylene chloride (10ml), cooled to 5°C, followed by a solution of ethyl 
nipecotate (lg) in methylene chloride (5ml). The mixture was allowed to warm to ambient 
temperature and stirred for 18 hours. The mixture was concentrated and purified by flash 

30 column chromatography on silica eluting with ethyl acetate/hexane (35:65 v/v) to give 
ethyl N-(2-sulphonylnaphthylene) nipecotate (1 .38g) as a white solid; NMR: 1.1 (t, 3H); 
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7.65-7.8 (m, 3H), 8.05-8 25 (m, 3H), 8.45 (d, 1H). 

A mixture of potassium hydroxide (430mg) in ethanol (12ml) was added to a 
solu,i„ no fe %1N <2-smpho„ y ^^ ^ 
m^. ang mix« lreW asre fl uxeda, 8 0«Cf„r4hours. TTm mixture was evaporated to dryness 

r;; 3 45 ;rr m 2H) ' lm5 ^^ ^^.j,^ 

2H), 7.65-7.8(m, 3H), 8.05-8.25(m, 3H), 8.45(d, 1H). 

10 

Example J ft 

A suspension of l-(4-pyridyI)piperidi„e-4-carbonyl cMoride (0 94g) in 
dtchloromethane (20ml) was added slowly to a stirred solution of 4-(4. 

Cunderanatmosphereof argon, TTremixhne was surred a, ambient temperature for ,6 
^^^M^coUeetedby,^^ 
20 (0.58g) as an off-white solid, m.p. 127-130°C; 

Nm:K4.,.8(m.6H), ,.8-2, (m, 2H), 2.8-3, (m, 3H), 3,-3.5(m, 2H), 3.7-4.0(m 4H, 

25 

Examp le 17 

Asusper^ionofl^pyridylJpiperidme^-earbonylchlorideCieSgjin 
dtchloromethane (40ml) was added slowly to a stirred solution of 4-(4- 

(20ml) atMO-C under an atmosphere of argon. The mixture was stirred a, ambient 
temperature for ,6hours and then the solvent was removed by evaporation. The residue 
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was partitioned between water (100ml) and ethyl acetate (100ml, 70ml, 70ml). The ethyl 
acetete exacts were combined, washed suoeeasively with saturated sodium hydrogen 
carbonate solution and brine, dried (Na 2 S0 4 ) and evaporated. The residual oil was purified 
by flash eolumn chromatography on silica gel using a mixmre of 1% aqueous ammoma 
5 (density, 0.88g/cm ! ) solution/ethyl achate as eluent. The purified product (0.5g) was then 
dissolved in ethanol (10ml) and treated with a solution of hydrogen chloride gas in ethanol 
,„ give pH2. The solid was collected by filtration and washed with ether to give 4-(4- 
bromo.hiophenoxy>Hl-[4-pyridyl]^^ 
(0.37g) as a colourless solid, m.p. 195-198°C; 
10 NMR: 1.2-1.7(m,4H), 1.7-1.85(m, 2H), 1.8-2.05(m,2H), 2.7-2.95(m, IH), 3.0-3. 2(m, IH), 
3 l-3.35(m, 3H), 3.45-3.6(m, IH), 3.9-4.05(m, IH), 4.1-4.3(d, 3H), 7.1-7.2(d, 2H), 7.3- 
7 4(d, 2H), 7.5-7.6(d. 2H), 8.15-8.25(d, 2H), and 12.5-l4.5(br, IH); microanalysis, found: 
C, 51.9; H, 5.8; N, 8.2%; C 22 H 26 BrN 3 OS.HCl 0.7 H 2 0 requires: C, 51 .9; H, 5.6; N, 8.3%; 
MS:m/z460(M+H). 



15 



The 4-(4-bromothiophenoxy)piperidine used as starting material was prepared as 
follows: 

Methane sulphonyl chloride (7.5ml) was added over a period of 1 .5 hours to an ice- 
cooled solution of l-t-butoxycarbonyl-4-hydroxypiperidine (5.0g) and triethylamine 
20 (17.3ml) in dry dichloromethane (100ml) under an atmosphere of argon so that the 

temperature of the mixture was maintained at 2 to 4°C. The mixture was stirred at 5°C for 
a further 1 hour, men at ambient temperature for 16hours. The mixture was poured into 
water (300ml) and extracted with dichloromethane (3 x 100ml). The dichloromethane 
extracts were combined, washed successively with saturated aqueous sodium carbonate and 
25 brine, dried (Na 2 S0 4 ) and evaporated. The residue was purified by suction 

chromatography on silica gel using a mixture of 1 0% ethyl acetate/dichloromethane as 
eluent. The purified product was triturated with n-pentane to give 1-t- 
butoxycarbonylpiperidine-4-methane sulphonate (6.2g) as a pale orange solid, m.p. 91- 

93°C; 
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»^.*,4X^U^ M H),,00-3., (UHlJMj( ^ 
3 ««.77( m ,2H) > and4.m.9 3 ( m ,,H);MS : m/z 280«M + H). 

A "**» °^-othioph=nol (9. Ig, fa dry dfarefcyiformamide ( 
^^P--«ver30 m fa ute s,oa sto ed S u S p ras fanc fswlilmhydride(60%w/w 

«^^oa,zo g )fa^^ ylf ^ ide(15ml)imderan 

^=-P^o fthemixtoeat0to2Xusingan 
bath. The mixture was stirred for 25 minutes at 2°C. 

"-n-.-b^arbonyipipendfae 

^^-^=.5Xfor.ho UrM d«he n ata mbiMIemp er ltureforl6toTO ; 

200 m l^rT mW " PO ^ in, °™ te(600ml>Md ~™*^ I ^(4x 
l^\ ; mtee ^ WmCOmb ^^ d ^^^>^, dried 
<Na,SO ) and evaporated. He residue was purified by flash column chromatography on 

'■-^-"edicfaommefaaneaseiuentfagive^bromomiophenoxy,.,, 
15 butoxycarbonylpiperidine ( 5 . 3g) ^ , soljd m p ^ ^ 

NMR(CDC, J): ,.4-1.5(s, 9H), 1.45-,.6(m, 2H), ,. 8 -,. 9 5(m, 2H), 2 85-3 Ota 2H, 3 1 
C, 51.5, H.6.0; N, 3.7%; C.^BrNO.S requires: C, 51.6; H.6.0; N, 3.8%; 
20of«4r fl T ea ^ id(7 - 5m ' , ^^ in ^ ,OaSti ^ i ---^-^n 
^^--^ofargonsofl,^^^^^^ 
"«ween5and ,0-C. ^e sofation was stirred a, 5»C far 1 hour, faen at ambient 
e ZT f0r2hOUrS ' TheS0 '"' i — ~ TWsidua,„i,wustrcatedwi,ha 

25 Tneethy ^acetate exbnc. were combined, dried (Na.SO,, and evapo rated . TheLidue 
was pnnfled by flash chromatography on siiica gel, using a mixture „ f ^T 

eftylace^e^anohaqueousammonia^iry 0.88g/cm V eluent, ,„ g ive 4<4 " 
bromothiophenoxy)piperidme (1 .9g) as an off-white solid; 

NMR(CDC,3, 1.4-1.6 WH), 1.85-2.0 (m, 2H), 2.55-2.7 (m, 2H,. 3.05-3 2 (m 3H) 72 
30 "(d,2H)a n d7.35-7.45(d,2H); MS: m/z272(M + H,. ^ 
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A mixture of 1 -[1 -(4-pyridyl) P iperidin-4-yl carbonylpiperazine (274mg) and 
5 tnethylan^ 

4-fluorobenzenesulphonyl chloride (2 45 mg ) in methylene chloride (5rnl) and the resultant 
.ixturestirredatambienttemperatureforlghours. The methylene chloride solution was 

evaporated. There was thus obtained 
10 pyridyl)piperidin-4-yl carbonyl]piperazine as a solid (379mg); 



HPLC system 
Column Highchrome Hirpb 
Flow Rate 1.0-1.5 ml/min 
Detector Wavelength 215X, 
15 Oven Temperature 40°C 
Solvent A 0.1% TFA/H 2 0 
Solvent B 0.1% TFA/CH 3 CN 



Time 


% Solvent A 


% Solvent B 


Flow Rate 


0 


95 


5 


1.5ml/min 


3 


95 


5 


1.5ml/min 


17 


5 


95 


1.5ml/min 


18 


95 


5 


1.5ml/min 


20 


95 


5 


1.5ml/min 



25 

HPLC purity = 87% 
Retention time =13.03 minutes 



30 Example 19. 

Using an anologous procedure to that described in Example 18 but using 4- 
fluorobenzene sulphonyl chloride as starting material in place of 3,5-dimethyl-4- 
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fluorobenzenesulphonyl chloride, there was obtained W4.fi u 

HPLC purity = 92% 
Retention time = 1 1.76minutes 

5 

Examp le ?n 

""W*****^*.* was reacttd ^ ™ 2 ' '■ [H4 - 
10 chloride of formula O' SO <-, , • . ">= appropnate sulphonyl 

™la Q -SO ; Cl ,o gl ve the compounds toed below in Table V 



Or 



Compound No. 



Q' 

5-dimethylamino 
naphth-l-yl 



Yield 
61% 



2,4,6-trimethyI- 
phenyl 



82% 



NMR 

1.53-1.78 (m,4H), 2.67-3.07 (m,9H), 
3 l9 - 3 -28(t.4H), 3.5-3.60 (t,4H), 3.74- 
3-85 (dt, 2H), 6.68-6.74 (dd, 2H), 7.28- 
7-35 (d,lH), 7.58-7.63 (d,lH), 7.63- 

7- 70 (d,2H), 8.10-8.20^,311), 8.32- 

8- 40 (d,lH), 8.55-8.63 (d,lH). 

ft 1.70-1.95 (m,4H), 2.30 ( S ,3H), 2.6 

&6H), 2.96-3.10 (m, 1H), 3.10-3.20 (t, 

4H), 3.23-3.40 (m,2H), 3.54-3.65 (t, 

4H), 3.94-4.10 (dt,2H), 6.98-7.08 (m, 
4H), 8.05-8.15 (d,2H). 
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3 2-nitrophenyl 68% 1.38-1.75 (m, 4H), 2.75-3.01 (m, 3H), 

3.01-3.40 (m, 4H), 3.40-3.78 (m, 4H), 
3.78-4.0 (m, 2H), 6.68 (d, 2H), 7.80-8.03 
(m,4H), 8.03-8.20 (m,2H). 
5 4 phenyl 32% [a] 1 .50-1.85 (m, 4H), 2.85-3.1 (br.m, 

5H), 3.15-3.35 (m, 2H), 3.50-3.75 (m, 
4H), 4.05-4.22 (m ; 2H), 7.05-7.15 (d, 
2H), 7.54-7.84 (m, 5H), 8.07-8.20 (d, 
2H). 

10 5 5-chloronaphth-2-yl 61% [b] 1.65-2.0 (m, 4H), 2.55-2.7 (m, 1H), 

2.8-2.95 (m, 2H), 3.05-3.2 (m, 4H), 3.6- 
3.95 (m, 6H) ? 6.65 (d, 2H), 7.6 (t, 1H), 
7.95-8.0 (m, 3H), 8.25 (d, 2H), 8.35 (d, 
1H), 8.45 (d, 1H). 

15 6 4-phenylphenyl 64% 1.35-1.7 (m,4H), 2.8-3.0 (m,7H), 3.5- 

3.7 (m, 4H), 3.8-3.95 (m, 2H), 6.8 (d, 
2H), 7.4-7.6 (m, 3H), 7.7-7.85 (m, 4H), 
7.95 (d, 2H), 8.1(d,2H). 



20 

Notes: 

[a] d 6 -DMSO/CD 3 C0 2 D 

[b] CDC1 3 

25 



30 Example 21 

Using an analogous procedure to that described in Example 1 , l-(4- 
pyridyl)piperidine-4-carbonyl chloride was reacted with the appropriate piperazine 
derivative to give the compounds listed in Table VI. 

35 . 
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X'Q' 



5 Table VT 

Compound No X' Q' yield NMR 

1 S0 2 3-bromo 19% 1.58-1.83 (m, 4H), 2.88-3.04 (m, 1H), 3.04- 

io phenyl 3 .15 (t, 4H), 3.15-3.32 (m, 2H), 3.53-3.64 (t, 

4H), 3.89-4.03 (dd, 2H), 6.90-7.0 (d, 2H), 
7.48-7.58 (t, 1H), 7.70-7.78 (dd, 1H), 7.78- 
7.89 (m,2H), 8.02-8.14 (d,2H). 
1 CO 2-naphthyl 10% 1.47-1.78 (m, 4H), 2.80-3.05 (m, 3H), 3.40- 

5 3.80 (m, 8H), 3.85-4.02 (m, 2H), 6.72-6.86 

(d, 2H), 7.50-7.67 (m, 3H), 7.97-8.06 (m, 
4H), 8.05-8.22 (m, 2H). 
3 CH2 ^ 77% i-5-1.75 (m, 4H), 2.25-2.45 (m, 4H), 2.8-3.0 

(m, 3H), 3.4-3.6 (m, 6H), 3.85-4.0 (m, 2H), 
6.8 (d, 2H), 7.25-7.4 (m, 5H), 8.15 (d, 2H). 

The piperW derivatives were prepared by reactionof the appropriate piperazine 
wtfh the appropriate phenylsulphonyl chloride, naphthylsulphonyl chloride or benzyl 
chlonde in quantitative yie ld . Structures were confirmed by NMR spectroscopy. 

25 

ExampIP ?*> 

Using an analogous procedure to that described in Example 1, 
l-(4-pyridyl)pi P eridine-4-carbonyl chloride was reacted with l-[4-(2- 
30 PyridyDphenylsulphonylJpiperazinetogive l-[4-(2-pyridyl)phenyl- 



20 
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224-226°C; 

NMR . 1 35. 1 65( m ,4H,,2.75.3.0 5 ( m ,7H),3.5-3.7(»,4H),3.S8, m , 2 H),6.75(d,2H), 
^' H 7 8 8 (m 3H), 8.05-8..5 On, 3H), 8.35 (d, 2H), 8.72 (m, 1H); 

H,6.0;N, 14.0%. 

tte W 2.pyndyl)ph«^^ 
obtained as follows: 

chloride and methanol as eluent. There was thus obtamed 
15 l.t4-(2-pyridyl)phenylsulphonyl]pipera2ine (0.439 g); 

(m, 1H). 
FyampMS 

20 A mixture of 2-aimao^hloro-6-methyl P yrimidine (0.143 g), 

^(2-naphthylsulphonylH^ 

Lcoltoa.oientte.pe^eandp— 

25 ^^^-^«^- W ^* d - ThereSldUC 
triturated under diethyl ether. There was thus obtained 
4-[H2-amino-6<net^^ 
naphthylsulphonyl)piperazine (0.29 g, 58%); 

NMR: 1.2-..45 (n ,2H).1.55(n,2H).2.05(s,3H).2.8(n,3H).2.9.3.2(n,4H,,3.5-3.7 
30( m ,4H),4.23(m,2H),5.95(d,3H),7.7-7.85(m,3H),8.2( m ,3H),8.45(s,lH) ; 
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Microanalysis, found C, 60.1; H, 6.4; N, 16.6%; C 25 H 3 oN 6 0 3S 0 3H ,O ■ 
H, 6.1; N, 16.8%. 30IN 6 U 3S0.3H 2 O requires C, 60.1; 

Examp lp ?4 

U ^=na mI og„ usprocedurelothatdBcr . Mjn ^ 
-olu.6 the reaction mixture was isolated washed with T ^ 

'^ J;N , I6J% . ' ftU5 - , ' N - 1 ^^o J s^ c , 56 , lt 

%H^~^; drt ~^-adde dto . S o lu tio nof 
^precipitate which was collected torW / 11,6 ""^ was cooled to give 

» Mft mp2 18 . 2I9 .c ' ^"^^-fyl^yljpipe^e 

1H), g, (s , IH) . ( 7 ' 85 ^ IH) ' 815 (4 '»>• " «• 'H). 8 .25-, 3 (m , 3H) , 

Tie starting material was prepared as follows- 

^^WmidefJMgJwasadded^asolutionofl-ft 

h *^^.^(« .8g)inDMF (2 I " „ „ 

Stirred at 5°C. EDAC f42,,l w a , ^ ^ , UMt (25to « ™d the mixture 

AC(4 ^ w -addedandmemixturestirredfor4hoursat5-c. A 
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further portion of EDAC (5.73g) was added and the mixture allowed to wann to ambient 
temperature and stirred overnight The mixture was evaporatedtohalf its original volume 
and the residue partitioned between ethyl acetate (1000ml) and water (250ml). The ethyl 
acetate phase was separated, washed with water (2 x 250ml), brine (50ml), dried (MgS0 4 ) 
5 and evaporated to give a solid which was recrystallised from a mixture of ethyl 

acetate/hexane (250ml/500ml) to give l-(l-a-butoxycarbonyl) P iperidin-4- 

ylcarbonyloxy)2,5-dioxopyrrolidine(55g); 

NMR (CDC1 3 ): 1.45 (s, 9H), 1.7-2.1 (m, 4H), 2.7-3.1(m, 7H), 3.9-4.1(m, 2H). 
Triethylamine (2.92ml) was added to a mixture of l-(6-chloronaphth-2- 

10 ylsulphonyDpiperazine hydrochloride (6.93g) in dichloromethane (100ml). 1-(1-(1- 
butoxycarbonyl)piperid^n-4-ylcarbonyloxy)-2,5-di 0 x 0 pyrrolidine (6.25g) was added and 
the mixture stirred overnight. The mixture was evaporated to give a solid which was 
suspended in ethyl acetate (200ml). Water (50ml) was added and the ethyl acetate phase 
separated, washed with water (4 x 50ml), brine (50ml), dried (M g S0 4 ) and evaporated. 

15 The residue was purified by flash chromatography on silica gel using a 75:25 mixture of 
ethyl acetate/hexane as eluent to give l-a-butoxycarbonyl)-4-(l-(6-chloronaphth-2- 
ylsulphonyl)piperazin-4-ylcarbonyl)piperidine (8.1 g); 

NMR: 1.12-1.6 (m, 13H), 2.6-2.8 (m, 3H). 2.9-3.05 (m, 4H), 3.5-3.7 (m, 4H), 3.8-3.9(m, 
2H), 7.7(dd,lH), 7.8(dd, 1H), 8.15(d,lH), 8.75-8.35(m, 3H), 8.3(s, 1H). 
20 ' l-(i-Butoxycarbonyl)-4^ 

ylcarbonyl)piperidine (28g) was added in portions with stirring to trifluoroacetic acid 
(100ml). The mixture was stirred for one hour. The trifluoroacetic acid was removed by 
evaporation. Aqueous 2M sodium hydroxide solution (150ml) was added to the residue 
and the mixture extracted with dichloromethane (500ml). The dichloromethane extract 
25 was washed with aqueous 2M sodium hydroxide solution (2 x 50ml), water (2 x 100ml), 
dried (MgS0 4 ) and evaporated to give a solid which was recrystallised from a mixture of 
ethyl acetate/hexane to give 4-(l-(6-chloronaphth-2-ylsulphonyl)pipera Z in-4- 
ylcarbonyl)piperidine (20.3 lg); 

NMR (CDCI3): 1.5-1.75 (m, 4H), 2.4-2.7 (m, 3H), 3.0-3.2 (m, 6H), 3.5-3.75 (m, 4H), 7.55 
30 (dd, 1H), 7.75 (dd, 1H), 7.9-8.0 (m, 3H), 8.3 (s, 1H). 
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Examp le 16 

D ;^^^.(62o» g) ™ addedtoa ^ in ^ ofthecrnde 



5 *t™„,u r /""»*H""u"c^u.zvmJ) under an 

5 atmosphere of argon with cooling to 0 to 5°P Ti,, m ^ 

s io u to 5 L. The mixture was stirred at 0°C for ™ 

-«u re wa SqTOn chcdw ifllwat e raildtheso , ventremoved * * 

Pun fie dby flashchromatographyon .,. agd I5%Me0 J dUe 
«"* Product which was further purified by flash chronw „ ** 
8ra <Ue n .of4,olO%McOH/CHC, Chr ° mat08raphy °" sili -8=l using s 

u/. MeOH/CH 2 CI 2 as eluent to give an oil. Ether was added and ,k 
~»*<^eny^^ 
ylcarbonyljpiperidine as a foam (200mg; 80% pure)- 



The starting material was prepared as follows: 

--d f or 2 ours. Thefluonylchlorideandsolven, were rernovedhyevaporata 

overnight. The solvent was removed by evaporation a„H a 
flash ch mm „ v )■ evaporation and the residue purified by 

tehchr„ma to graphyo„ s ilicagel B „gagradien,of5,ol5%MeOH/CHCl a , 
T^crudeproductwaspa*^ 

™s purified father by flash chromatography on silicag usin 
30 MeOH/fHn , p ° y °" su,ca « el u ™8 a gradient of 0 to 5% 

n '° giVC 3 - eth ~^W4-Pyridy,pi peridin ^ 

ylcarbonyljpjperidine (5.3g); 
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NMR: 1.2 (m, 3H), 1.4-1.8 (m, SH). 2.0 (m, 2H), 2.9 (t, 4H), 3.9 (t, 4H), 4.1 (m, 2H), 6.8 
(d, 2H), 8.1 (s, 2H); MS: M/z 347 (M+H). 

A mixture of 3-emoxycarbonyl-l-[4-pyridylp^^ 
(5.27g), potassium hydroxide (1.71g) and ethanol (40ml) was heated at 80°C for 4 hours. 
5 Themixturewasallowedtocoolandfiltered. The filtrate was evaporated and acidified to 
pH 2 using aqueous 2M hydrochloric acid. The mixture was evaporated to give a solid 
which was used without further purification (assumed to be 60% pure by weight); 
NMR (CD 3 SOCD 3 + CD 3 C0 2 D): 1.5-2.0 (m, 8H), 2.0 (m, 2H), 3.0-3.4 (m, 2H), 3.9 (d, 
2H), 4.2 (d, 4H), 7.1 (d, 2H), 8.1 (d, 2H), MS: m/z 318. 

10 

Example, 27 

Thionyl chloride (0.73ml) was added to a stirred mixture of pyridyl piperidine 
carboxylic acid (0.83g) in dichloromethane (20ml) under an atmosphere of argon. The 
mixture was stirred for 2 hours. The excess thionyl chloride and dichloromethane were 
15 removed by evaporation. The residue was stirred in dichloromethane (30ml) under Argon 
and cooled to 0°C. Triethylamine (3.5ml) was added to the ice-cooled mixture followed by 
4-(phenylmemylamin 0 carbonyl)pi P eridine. The mixture was allowed to warm to ambient 
temperature and stirred overnight. The solvent was removed by evaporation and water was 
added to the residue. The aqueous mixture was extracted with dichloromethane (x3). The 
20 dichloromethane extracts were combined and evaporated. The residue was purified by 
flash chromatography on silica gel using dichloromethane containing increasing amount of 
methanol (5 to 15% MeOH/CH 2 Cl 2 ) as eluent to give 4-(phenylmethylaminocarbonyl)-l- 
• (l-(4-pyridyl)piperidin-4-ylcarbonyl)piperidine as a foam (260mg); 
NMR: 1.6-1.9 (m, 8H), 2.7 (m, 2H), 3.2 (m, 2H), 3.4 (t, 2H), 4.1-4.5 (m, 6H), 7.1-7.4 (m, 
25 7H), 8.2 (d, 2H), 8.4 (t, 1H), MS: m/z 407 (M+H). 

The starting material was prepared as follows: 

Sodium carbonate (2.48g) was added to a stirred mixture of isonipecotic acid 
(3.0g), water (30ml) and dioxan (30ml) under an atomosphere of argon whilst cooled in an 
30 ice/salt bath. Boc-O-Boc (5.09g) was added and the mixture allowed to warm to ambient 
' temperature. The mixture was stirred overnight. The mixture was concentrated to a third 
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of hs origina, volume bv evapomioiL EM ^ ^ ^ 

-<er and ,he soiven, remove, by evaporation. The residue was purified by flasb 
chromatography onsilica gel using 70"/. EmAc/hexane as eluen, to give a gum n ls , 

Examp le ?g 

25 

oyanobenzen^uiphonyiehlorideCO^g, Ummo!) in dry pyridine f20mU Z 
30 wasthensdrredatO'Cfor „ nfinu.es and then Jjl^L 

d.eh 1 „ro m eU 1 anea n dpyridi„ e s„ lventsby 



water, 
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brine ^(MgSO^devapo^d.od.ynes.mproduc.wastorec^d.o 
white, hygroscopic solid m.p.l68-169°C; 

NMR-.(CDC 1 3)l. 8 3(m,4H),2.64(m,lH),2.88(M,2 H) ,3.10( S ,4H),3.6 8 (b S ,4H), 

5 3 88(dt,2H), 6.64(dd,2H); 7.86(s,4H), 8.24(d,2H); microanalysis found: C.59.0; H.5.7; 
K 1 5. 2 % : WASr« 1 ui I cs:C,60. 1; H,5.7 ; N, 1 5.9%;MS : m fe 439(MH). 

The starting material was prepared as follows: 
l.(4-Pyridyl)isonipecotic acid (4.12g, 20mmol) was suspended in dry 

^mrewasthen stirred for one honr followed by the removal ofihe solvent andthe excess 

(80ml) and added slowly, with cooling to a solution of ,4,u<yl,l-pipera*mecarboxylate 
(3 72g 20mmol) in dichloromemauc (1 00ml) and triemylamine (15ml). Tire react.cn 
,5 mixhuewasthen sorted for 2 hours and then the solvent was removed by evaporation. The 
r eriduewasuten Kl cenupm=utylace B .eandrec I y^Usedtogive4-(,.bu»xy>l-(4. 

pyridyl P ip=ridin-4-ylcarbonyl)piperazine as a very pale yellow sohd; 

3 31-3.65(bs,8H), 3.89(dt,2H), 6.64(d,2H), 8.22«tf H); MS: m/z 374 (MH) . 
20 The4-Ct-butoxy>lK4-pyridylpiperimn^-ylcarbonyl)pipera2ine 

(3 74g) was then dissolved in dry dich.orome.hane (50ml) and treated with trifluoroaceuc 
acid (5.3ml) and stirred under an argon atmosphere a. room temperature for three hours. 
Themcmommethanesolventwasmenmrnovedbyevaporariontoaffordabrownoilwhich 

slowly solidified, This solid was men taken up in dichloromemane, filtered and washed 
25 with water, brine and men dried (MgSO,). The resultant solution was men evaporated to 
d^ness to yield a pa.e yellow oil which slowly crys.al.ised to give H4-pyridylpip=rtd,n-4- 
ylcarbonyl)piperazine as a yellow solid; 

NMR:..60(m,4H,,2.66(m,4H),2.9.( ra ,3H),3.41(dd,4H).3.92(dd,2H),6.78(d,2H), 
8.12(bd,2H); MS: m/z 274 (MH) + . 
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Examp le 70 

> amae (22mL) and treated wtth sodium hydride (0.19* 45 55./ a- 

!5 H.6.1; N,12. 3 o /o . n „ BrM ft ^ 8 - 26(d ' 2H * ^"analysis found: C,59 2- 

L 2|H 27 BrN 4 0 requires: C,59.6; H,6 14- N 12 iW- juq , 

' w » 12 -o%; MS: m/2 430 (MH) + 

Examp le 

^^•^Ip^nud^iperi^,^.^ -^'^bromophettyWp^ 
30 50 8( M + H>. ( 4 m, ' 7 - 65(d - 2H >- 7 «(d,2H,,,03(d, .H>;EI-M Smfe 
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L, ( CDC 1 0 ;I .S0< n .,4H),2, 5 (n 1 ,4H),2,0( m ,lH),3.00( nl ,2H), .60(^) 4,0 
(m ffl) 6 ,0(d,lH),7.35( m ,5H),8. 1 5(d,.H), 8 . 5 5(s,lH);M— .foundC, 
68.7; H, 7.4; H 19.0%; C 2 ,H 2 ,N S 0 quires: C, 69.0; H, 7.45; N 19.2%. 

15 

E ^ tatton o,4« y anobe^^ 

^oned^^chloHdeand^. T.organic phase waswashrfwtth 
.^.dned^SO.) and .vapored. The residue was purified by «*- 
cta) „hy using 0.5%— Hn eUoride. Rec^s— fioa, e* y l 
^/hexanegave.asasolidl^cyanobenzenesulphonylH-ll^.^ 

25 P y^dinyl)piperid ta ^ylc a ri»ny 1 ]pipera zi ne(280 m6 ). I np 180-18. C; 

^(CDC 1 3):..7O.8( m ,4m.27( m ,lH).2.9.3.0( n ,2H,,3.0.3,( m ,4H),3.6-3.8 

(m ,4H),4.4(d,2H),6.5(d,lH),7.9(s,4H),8.2(dd,lH)and8.6( S ,lH). 

The starting material was prepared as follows: 

30 IBypy Jcarbox vlate(75 0g)tadrydiehlorom=thane(1600ml). The 

l.t-butoxyearbonylpipendine-4-earboxylatet/5.ug) 
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The solution was washed with watpr r<mn™n j 

«*uea witn water (500ml) and saturated brine f250mn n,^ • 
layer was dried (Na <?n ^ m A , l^unuj. I ne organic 

y oned (Na 2 S0 4 ) and evaporated. The residual oil was purified by 
hrornatographyonal^^ 

butoxycarbonyl^piperidvncarhonvn^^. W ~* M -W+ 



- -jr-rvrazine as an oil - 
5 NMR (CDC,,,: ,.4-U (9H> s)> ^ 

2.83 (2H, m), 3.45-3.7 (6H, m), 4.05-4.2 (2H, m) and 7 2-7 35 f5H i ! 
trifluoroaceticacidrwmn ■ • • "™pwise over 45 minutes to 

3 ~^-o n( 77o m0wMe ^;~^ 

NMR (CDCI3 + DMSOdfi): 1 84-2 1 ( 4H m > , « , c 

J, J.45 (2H, m), 3.45-3.65 (6H, m ) ^ 7 2 . 7 3? r m ^ non 
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chloride to give the compounds toeri below ta Table Vtl 

5 



a 







\ Compound 


R 


mpt 1 

(°C) 


NMK [^u^iy 


1 1 


NO. 
1 


4-cyanophenyi 


180-181 


1 7-1.8 (m, 4H), 2.7 (m, 1H), V*. 
2H) 3 0-3.1 (m, 4H), 3.6-3.8 (m, 4H), 4.4 
(d2H),6.5(d,lH),7.9(s,4H),8.2(dd,lH) 

8 r s m\ 




2 


2-chloro 4 cyano 
phenyl 


137-138 


1 7-1.8 (m,4H), 2.7 (m,lH), 2.^.^na 
2H), 3.2-3.5 (m, 4H). 3.6-3.8 (m, 4H), 4.4 
(dW6.5(d,lH),7.7(dd,lH),7.9(slH), 
™ R9M.lffiand8.6(s,lH). 


1 


3,4-dichloro 
phenyl 


189-190 


"l .7-1.8 (m, 4H), 2.7 (m, 1H), ™->»V*> A 
2H), 3.0-3.1 (m, 4H), 3.6-3.8 (m, 4H). 4 4 
(d, 2H), 6.5 (d,lH), 7.5-7.7 (m,2H), 7.9 (s 
1F > R?Md.lffiand8.6(s,lH). 


4 


4-methoxy 
phenyl 


205-206 


1.7-1.8 (m,4H),2.7(m, 1H), 2.9-i.U (m, 
2H), 3.0-3.1 (m, 4H). 3.6-3.8 (m, 4H), 3.9 (s 
3^4.4(^2^6.5(^1^7.0(42^7.7 

m WY 8.2 fdd. 1H) and 8.6 (s, 1H). 




5 


4-chlorophenyl 


" 196-197 


' l 7-1.8 (m,4H), 2.7 (m,lH) s 2.9-i.0(m, 
6H), 3.6-3.8 (m, 4H), 4.4 (d, 2H). 6.5 (d 
1H), 7.5 (d, 2H). 7.7 (d, 2H), 8.2 (d, 1H) anc 
8.6 (s, 1H). _ 
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100 



I ^,4-difluoro " 
I phenyl 



decomp. 
170-175 



<H) and 8.55 £,m (m ''^ 815 , 

(m, 4H), US, " 2H) M 
H)7^. 7(d , 2H))8I5 . 82(di (, 



I 4-isopropyl 
I phenyl 



I 2-thiophenyl 



5-chloro-(2- 
thiophenyl) 



2,5-dichloro-(3- 
Jhiophenyl) 



pTTfe y H ), 1.65-1.9 (m, 4H) 2 6^T" 



164-165" 



T59-160~ 



5-bromo-(2 
jhiophenyl) 



163-164 ~ 



l.^(iu,4Hj,2.y2( m) iH),3.00 
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Compound 

No. 

15 

4, 


Br p" 

5-dibromo-(2- 1 
ioohenyl) 1 


mpt 

£C) _ 
-222 


" NMR(CDC1 3 1 

i u i i nn (m 

78 (m, 4H), 2.72 (m, 1H), 3.UU ^m, zn; 
J12 (bs 4H), 3.72 (bs,4H), 4.39 (d^H), 
5 50(dilH),7.34(s,lH),8.18(d,lH), 

8.58 (s,lH) 


th 

fur -- 

1 4 
l t 


p 

,5-dichloro-(2- 1 
hiophenyl)___L 


T-216 


^ 2 2 S;6.i 8 rdd,^,7.32(s,lH,,8.,S(d, 
lH),8.58(s, 1H) 


hr 


■ CH 3 '< 

jri 


.15-216 


frcDCU) 5 1 .77 (m, 4H), 2. ^ 1 (m, 
S 3 13 (bs, 2H). 3.33 (bs, 2H), 3.65 

(dd,lH), 7.47 (d,lH), 7.53 (d, lH),8.18(d, 


1 18 


s k)l 


108-109 


m 2H) 3.15 (bs, 4H), 3.70 (bs, 4H), 4.37 
dt2l£ 6.48 (dd,lH), 7.29 (m, 1H) . 7.53 
^2S;7.78(m,2H),8.17(d,lH), 8.56(s, 

lffi. 8.62 (dd.lH) 
- ^rd 1.79 (m,4H), 2.37 (s,iH), 2.U2 




i chT 


113-1 /™ 2 74 (m 1H), 2.98 (m,2H), 3.14 


1 20 


PO 


M. im. 8.59 (s, 1H). — 

4. ' * — TTTT^i i /-c gu\ •).. \ m. 1H\ 


[21 


1 3,5-dimethyi*- 
1 fluorophenyl 


" I 180-181 1 


1.7-1.8 ^m, ^n;, ^ v-> — /' - - ■ . 
2.9-3.1 (m,6H), 3.6-3.8 (m, 41^, 4 4 (m 

2H),6.5(dd,lH),7.4(d,2H),8.2(d,lH), 
and 8.6 (s, 1H). — 


22 


l 2,5-dibromo 
I 3,6-difluoro 
1 phenyl 


" 1 148-149 


1.7-1.8 (m,4H), 2.7 (m,lH) 3.0 (u^ll) 5 
^3 5(m 4H), 3.6-3.8 (m,4H), 4.4 (d, 
2^65Td,lHi,7.6(m,lH),8.2(d,lH) 

and 8.6 (S. 1HV 


(23 " 


1 4-iodophenyi 


""" 1 194-195 


1.7-1-8 (n,4H), 2:/ (m,lH) 2^Km, 
6H) 3.6-3.8 (m,4H), 4.4 (d,2H), 6.5 (d^ 
lS,7.4(d,2H),7.9(d,2H),8.2(d,lH)and 

**f S .lHV — 
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24 



29 



30 



4-(n-propyl) 
I phenyl 



trifluoroethyl 
CH 2 CF 3 



CH 2 CH 2 CH 2 CH 3 



methyl 



177-179 



191-192 



3-35-3 43 (.fflSi"*^ 
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R 1 


-63- 
mpt 


NMRCCDUj) 


[Cot 
|No 

33 


npound 

ph 


^dibromo 1 ^ 
jnyl 


(°C) 

1-153 1-7 
3.2 
2¥ 
8.^ 


3 5(m4H),3.6-3.8(m,4H),4.4(d, 
0 6 5 TiS^.5(dd,lH),7.6(d,lH),. 
\ur«M imand8.6(s,lH). 1 
ri8ta , 4H),'2.Hm,lH),3.U(m,2H), 


34 


i, 
tri 
Pi 


5-bis- p 
fluoromethyl 1 
lenyl 1 


7-228 1. 

3. 
6 
(s 




3 


5 « 


nitrophenyi 1 


1^220 " 
2 
2 
( 


Ti8(m 4H),2.Hm,lH),2.9-3.U(m 
ffi S 2 (m 4H). 3.6-3.8 (m, 4H). 4.4 d 
S65(d:iH),8.0(d,2H),8.2(d,lH),8.4 

V^(m 4H) i."-u.'H).»- 3 - Utro - ' 


3 


6 < 
i 


t-chloro 3- * 
utrophenyl 1 


.46-248 






37 


2-methoxy 1 
carbonylphenyl 1 


133-134 


,33 m4W 3-6-3.8 (m,4H), 3.95 (s, 
l T« I ?9(m4H), 2.6-2.8 (m, IH), 2.9-3.15 




38 


3,4-dibromo 
phenyl 


192-194 


L fln S5-W5(m,4H), 4.3-4.48 (m, 

( M?45-6 5 (diV 7 48-7.57 (dd, 110, 
w" (d. TO,7.95-8.0(d,lH), 8.15-8.25 

££?97^ 




39 


2,4,5-trichloro 
phenyl 


\ 157-159 


K"\^6.4V6.55 % .^«5(s 
IH), 8.15 (s,lH), 8.15-8.2 (d,lH) and 8.55- 

8.6(s,lH). 4 




140 


2,4,6-trimetnyi 
1 phenyl 


1 141-142 
~ 1 186-18/ 


" 1.7-1.8(m,4H),2.3(MH),2.6(s,6H), i 2/ 
„ 1H1 2 9-3 0 (m, 2H), 3.1-3.3 (m, 4H), 

r e OH 1 * 8 2 (d IH) and 8.6 (s, IH). 1 

-T7-1.8(m 5 4HV2."(m,lH)/2.9-iMtu 




"41 


~~ 3,5-dichloro 
phenyl 




2H), 3.0-3.1 (m, 4H). 3.6-3.8 (m 4H) A4 
(d,2H),6.5(d,lH),7.6(s3H),8.2(dd,lH) 

r 6 r*. 1HV 

Tn i q fm 4m 2 7 (m IH), 2.9-4-1 (in, 




42 


2-chloro 4 
fluorophenyl 


135-13' 


1.7-1.9 (m, 4H), /./ ^m, ii^ u . , 1 
1 2H), 3.2-3.4 (m,4H), 3.6-3.8 (m4HX 4.4 

(d;2H),6.5(d s lH)J.l(m,lH),7 a 3(m, 

lH),8.Um,lH),8.2(d,lH)and8.6(s, 

ihv — 1 
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4-trifluoro 
methoxyphenyj 



I 2-chIoro 4 
I trifluoromethyl 
J phenyl 



178-179 



I 7 1 ft , — — 1 ' n >- 



^starting materials were prepared as Mows: 
The be^l„ xycarbonyl isoni 

ml) and one drop „f DMF was added. 
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^duewasredtssolvedtndr ^,^(0.7^,^ 

«than ^'^^""^M^oHcae,^ 
5 ^asdilutedwitheth, acuta* , 50rf)and brine (25*,), dried 

(MgSOOandevapo^d.og.veayeUoW J* 0/5o . 8 „,2O) as eluent to 

10 (methoxycarbonyDpiperizine (Ulg). . gm 4 05 - 

zsssssssssss^ 

, ,1« cooledma n ic=bath, S « i rrcdand«a t =ddropw IS ew 1 d 1 a 
^ J 4 cSo^ulfonyl chloride (338mg ; 1.6mmol) and Et,N (0.3ml; 

r^TlLn The reaction mixture was allowed* reach room temperature 
^ DUn0 ^ "rt 1 ^before treating with saturated NaHCOj (*,) • This mixture was then 

-td « M «HA^ ^^evaporateduuderretiucedpressuretoa 
wae randbrin=,dn=doverMgS0 4 ,filter=dan . w 

etat^repaoketicoluhm.elunngvnthlVornethanol.l/. 
25 ScllobtMnl-^Uo^^^ 

128 " C; , ,m , 88 2 02 (m 2H), 2.45-2.58 (m,3H), 3.48-3.81 

NMR CCDC1,): 1.75-1.89ppm (m,2H), 1.88 2.02 (m ), 
(m ,10H),6.5Hdd,.H),7.52(dd,2H),7.73(dd,2H),8.25(d,lH),8.64(d,.H). 



30 
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^owsolid. TT* Mli d ^ ctaoL ^r^^^"^ ■"""»*> 

^^^^P-P^ as follows- 
-a—.* acid (300* 3S2mmol) ^ " — <«~ wid, 

ffl^aodevapo^d^er^^ ^ ed ° Vera0hydroUSM ^0 ) , 
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methanol, 1% ammonium hydroxide and 89% CH 2 C1 2 to obtain a further 676mg (18% 
based on the boc derivative) of the amine. 

4-Pyrimidyl piperazine (2.473g; 1 5mmol ) was dissolved in DMF ( 35ml) and 
treated at room temperature with l.(l.a-butoxycarbonyl)piperidin-4-ylcarbonyloxy)2,5- 
5 dioxopyrrolidine (4.9g; ISmmol). The resulting clear solution was stirred at the same 
temperature for 65h to give a pale yellow solid suspension. The reaction mixture was 
drowned out in water (350ml) and extracted four times with CH 2 C1 2 . The combined 
organic extracts were then washed twice each with water and brine, dried over anhydrous 
MgSO<, filtered and evaporated under reduced pressure to obtain a crude oil. The oil was 
10 dried on a high vacuum pump to yield a white solid which was recrystallised with ethyl 
acetate / i-hexane to afford l<i-butoxycarbonyl)-4-(l<4-pyrirmdinyl)piperazin-4- 
ylcarbonyl)piperidine white crystals (5.05g; 90% yield based on 4-pryimidyl piperazine), 
m.p.l59-163°C; 

NMR: (CDC1 3 ) 1.44ppm (s,9H), 1.54-1.85 (m,4H), 2.59-2.70 (m,lH), 2.74-2.86 (m,2H), 
15 3.56-3.82 (m,8H), 4.1 1-4.22 (m,2H), 6.52 (dd.lH), 8.25 (d,lH), 8.63 (d,lH). 

l-(Benzyl)-4-(4-cWoropyrimidin-6-yl)piperazine (58.0g; 0.20mol) was dissolved , 
with some heating, in methanol (700ml), treated with 10% Pd on activated carbon (1 1.6g) 
and agitated and hydrogenated at s.tp. for 8h. After this period the catalyst was removed 
by filtering through celite. The filtrate thus obtained was then evaporated under reduced 
20 pressure to a yellow-brown viscous gum which was chromatographed through 60um silica 
gel, eluting with 5% methanol, l%ammonium hydroxide and 94% CH 2 C1 2 to obtain as 
white solid, 25g (76% yield based on prehydrogenation substrate) of 4-(4- 
pyrimidinyl)piperazine; 

NMR: (t,4H), 3.50 (t,4H), 6.75 (dd,lH), 8.14 (d,lH), 8.45 (d,lH). 
25 A mixture of 4,6-dchloropyrimidine (29.5g;0.2mol) , N-bnzylpiperazine 

(44.0g;0.25mol) and DIPEA (44ml;0.25mol) was suspended in p-xylene (400ml) and 
heated at 138°C under reflux. Once reflux temperature had been reached, the reaction 
mixture took the appearance of a black solution. After heating at this temperature for 1 8h 
the reaction mixture was allowed to cool to room temperature and filtered. The filtrate was 
30 evaporated using high vacuum pump apparatus to obtain l-(benzyl)-4-(4-chloropyrimidin- 
6-yl)piperazine a brown solid, 60.5g (105% based on 4,6-dichloropyrimidine); 
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NMR : (CDCI3) 2.51 Ppm (t,4H), 3.56 (s,2H), 3.65 (t,4H), 6.47 ( S ,1H), 7.27-7.37 ( m 5H) 
8.36 (s,lH). ; ' 

Example 32 

Wtazepine was dissolved in dichloromethane (15ml). Trifluoroacetic acid (3ml) was 
added, and the reaction stirred a. room temperature for 1 hour. Tie solvent was removed 
> vacuo to give the cmde hffluoroaceuc acid sal, of me deprotected piperidine. The crude 
sal, was dissolved in Chanel (15 ml). Trietitylamine (1 ml) and 4-cmompyrimidine 
10 hydrochloride (90m B ) were added. The reaction was «hen refluxed for 2hrs Solvent 
removed in vacuo. The residue was partitioned between dichloromethane (50ml) and 
aqueous sodium bicarbonate solution (50ml). Product attracted with dichloromethane 
(2x50ml), dried (MgSO a ) and solvent removed in vacuo. The product was purified on a 
bond elute column (lOg, Si) eluting with dichloromethane and then with [1 % methanol 1% 
15 ammonia, 98% dichloromethane] to give l-(4-bromophenylsulphonyl)-<Kl-(4- 
pyrintidinyl)piperidm-t-ylca r bonyl)l,4-diazepineasafoam(152mg)- 
NMR (JSOmhz) ,.40-1.95 (m, 6H), 2.85-3.1 (nr. 3H). 3.25-3.80 (m, 8H), 4.35-4 55 (m 
2H), 6.90 (d, ,H), 7.78 (d, ,H), 7.82 (d, ,H), 7.85-7.95 (m, 2H), 8^0 (d, ,H), 8.53 (s, 1h). 

20 The starting material was prepared as follows: 

HWuto^carbonyOpiperid^^ 
and l-(4-bromophenylsulphonyl)l,4-diazepine (440mg) were refluxed together in 
dich,oromethane(25ml) for 3hrs. The reaction was stood a, room temperature for 60hrs 

^^'^^ove.iinvacuoandti.ereaiduewaspartitionedberweenemylaeetate 
(50n J ) M dm ta eci«cacid(50ml).Th=orgamclayerwaswashe J wimbrine,dried 
(MgS04)andti>e solvent removed in vacuo. The product was purified onabond elute 

( 0:40). The pmdue, K4-bromophenylsulpho»y, W ,- 0 . butowrtonyl)piperidin ^ 
ylcarbonyl)l,4-diazepine was obtained as a foam (620mg)- 
30 NMR (250MHz) 1.30-1.85 (m, 6H), 1.40 (3, 9H), 2.63-2.87 (m, 3H), 3.20-3.68 (m 8H> 
3-85-3.98 (m,2H), 7.67-7.77 (m,2H), 7.77-7.87 (m,2H). ' 

4-Bromobenzenesulphonyl chloride (1.50g) in dichloromethane (50m.) was added 
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• n Ori in dichloromethane (100ml). The reaction 

7.82 (d,2H). 

and the solvent removed. Hie react™ nux 
2H ), 7.67 (d, 2H), 7.97 (d, 2H), 8.34 (s, 1H), 8.50 (s, 1H). 

solution of 4,6-dichloropyrumdme(5.22g),ethyns p 

(7ml ) methano^m!) was stirred at room temperas for 2 hrs. The solvent 



WO 97/06802 

- 70 - p CT/GB96/01985 

chlo m „™ . '"""IMgSO,) and solvent removed to sive Wfi. 

'"""^^W^oxvearbonyl^pondine. H 
AmmoniumfonnatedOg) and 30%Pd/C (600mg) was added to , • 
5 ^~-»'«e i ne lh ano 1( 4. l^T^ 

NMR(250MHz) 1 .2(,,3H),1.40-I.60 {m 2H) 21022,, 

^sotadonwasevapojedJ ^ 
20 and dried (M g S0 4 ). Ue solution wns evapor tod ^ 

ace^te/tonahyioWisohexaneandtoLaeer I fethy ' 

microanalysis, found- C 48 2- H4 Q xr „ n„ ^^ d ' IH X 8.6,(8,111); 

Starting material for was prepared as foUows: 
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Hl-ft-Butoxyc^onyOpipendin^bony^W-dioxo pyrrolidine (2.45g) 

4.1 1(42H), 7.59(d,2H), 7.69(d,2H); MS m/z 515 (MH) 
, 0 i.(Ht-butoxycarbonyl)piperidin-4-ylcaibonyl)-4KH4- 

^iy^^ 

<■ lijvm Orzanic material was extracted into 
and the solution basified by addition of solid K ; C0 3 . Organic m 
^aceMeandv^edvrith^b^anddri^CMgSO^mpora^nnder 

15 vac«mn,ogWe4KH4.bromophe»y«^ 
7.70(d,2H); MS m/z 415 (MH) + - 



20 an analog procednre ,0 tbat described In Bxample 3, ,, mUowing 

compounds were prepared. 



O./ 
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Compound 




No. 
i 


structure 
R = 


(°C) 


" NMR " 1 1 




4-methyl 
phenyl 


186- 
187 


(CDCM • i n . i 7» tr~ — 

\ ^ l 3J • i.ii- (m,4H), 
2.45 (s,3H), 2.65-2.76 (m,lH) 
2.89-3.09 (m,6H), 3.60-3.76 ' 
(m 4H) 5 4.33-4.44 (m^H), 6.50 
(dd,lH,6.3,lHz), 7.35 
(<UH,8.3Hz), 7.64 
(<UH,8.3Hz), 8.19 
(d,lH,6.3Hz), 8.58 (s,IH). 




4-fluoro phenyl 


189- 
191 


wi-i./* (m,4H), 2.70-2 74 
(m,lH), 2.93-3.09 (m 5 6H), 3.59- 
3-75 (m,4H), 4.33-4.43 (m,2H) 
6.49(dd,lH,6.3,lHz), 7.23-727 
0^,7.75-7.82 (m.2H), 8.'l8 
(^H,6.3Hz),8.57(s,lH) 



Examp le 

N MR(CDCl 3 ):I.8-1.9 (m ,4H),2.8(m 1H> 2 9 1 fu ,o 



Using an analogous procedure to that described in P , 
20 compounds were prepared. ^ 4 1 : the fo,,owin S 
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rt' 



O 



Compound 


Structure 1 
R- L 


mpt 

(°C) . 


NMR(CDC1 3 ) 


No . 

1 


4-bromophenyi 


142-145 


-7-1.95(m,4H), 2.7-2.9 (m,lH), 
2 9.3 l(m,2H), 3.4-3.85 (m, 8H), 
4 3.4 5 (m,2H), 6.5-6.55 (dd,lH), 
7.25-7.35 (d,2H), 7.55-7.65 (d, 
2H), 8.15-8.2 (d, lH)and8.6(s, 


2 


4-fluorophenyl 


152-154 


1 8-2.0 (m, 4H), 2.7-2.9 (m, in;. 

2 9-3.1 (m,2H), 3.4-3.9 (m, 8H), 

4 35-4 5 (m, 2H), 6.5-6.55 (d, 1H), 
7 1-7.2 (d,2H), 7.4-7.5 (d,2H), 8.2- 
9 nrA iT^ a nd8.6(s,lH). 


3 


4-chlorophenyi 


132-135 


T65-1.95(m,4H),2J-2-yUii,lH) 
2.95-3.1 (m,2H), 3.4-3.85 (m, 8H), 
4 35.4.5 (m,2H), 6.5-6.55 (d,lH), 
7 32-7.48 (m,4H), 8.15-8.25 (m, 

\\U) and 8.55-8-65 (s, 1H). 



ffvani ple 43 

, L 1 uinrirfe fl29mE^ was added at ambient temperature to 
4-Bromobenzenesulphonylchlonde(129mg)wa mOmriinTOF 

and re-extracted with CH 2 Cl 2 (.2Umij. 

15 ylcarbonyl)pipeazine(134mg),mp94-6 0 ; 
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Benzylchloroformate (2.86ml) was added to a stirrM 

^-idu^oHwaspJr ^'^""^-"Oi! 

°- C<H " (J/9 V/v > « ^ yellow oil, N . Cb2 , „ hm , 
pyrrolidine (1.40g); ^""-n-outoxycarbonyl 

1H), 3.33-3.75 (m , 4H) 407 ' f ^^^"^te^ZM. 
306(M + H). ° 7(t,2H, - 5 - 12fe2H )'" 5 -^0(o 1 ,5H),E,.MS m / 2 

r -.M„ c , (6 , ) w.addeddCr::r;rr addedtethe 

was extracted with EtOAc (3 x 25ml) Th, u- * aqUe0US phase 

«*. „i carbonate soluaon -e washed wi„ 

20ml). The organic phase was dried and 



! 8.2.08(m,2H),2.7 8 - 3 .25(m,5H),3.46-3.62(m,2H) ;E1 - 
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va i t butoxy carbonyl-4-(l-Cbz-pyrrolidin-3yl 
evaporated to give, as a creamy solid, 1 -t-butoxy 
carbonyDpiperazine (1.15g): m.p. 70-74°C; 
KMRCCDCUUS^ 

^77(^4 H ).5.12 fc 2 H ).7^735^5« S El«^4IS^ 

5 ' 10% Pd-C(75mg)wasadded^ 
„ • t - ,ni e )mEtOH(40ml)^^^ 

10 piperazine(470mg);mp94-95°C; 
NMR(CDC1 3 ) 1.48 (s,9H), 1.8 
MSm/z284(M+H). 

acetate to give, as a pale grey suuu, 
20 carbonyDpiperazine (301mg); mp 156-7°C; 

HM R ,42 ( s,^,,9 5 .2.25( m> 2H),3.2 5 .3,0< m ,BH,,6, 8 (d il H),, 1 2(a, 1 H,, 

8 43 (s, 1H); El-MS m/z 362 (M+H). 

pyrim MyUpy iro Ud in ca r bony 1 p^a= ri vaU,e(26 lmg ) in CH 2 C lj C5n,)a,2 5 . After 

' treated with saturated brine solution (2ml) and 5M NaOH 

evaporated. The rescue was treated wi* 

<2m» Hie aqueous phase was extracted with CH 2 C1 2 (5 J 

(2ml). aq , 25ml)> dri ed and evaporated to give, as a 

phases were washed with saturated brine (2 x25mij, m . 

colourless 

30 13 1°C; 
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NMR (DMSOd 6 /CD 3 COOD) 1 95-2 25 f m <un 

* (s, 1H), EI-MS m/2262 (M+H). 



Example 44 

Illustrative phannaceuticaJ dosage fnm, • 



fonnutafa,, which «** <■» followng .aUe, ^ 

( a ) lableU 



(a) lableU 

10 Compound Z 

Lactose Ph. Eur. 

Croscarmellose sodium 

Maize starch paste (5% w /v aqueous paste) 
Magnesium Stearate 

15 

(b)JahlBUI 
Compound Z* 
Lactose Ph. Eur 
Croscarmellose sodium 
20 Maize starch 

^"^^(^.w/v aqueous paste, 
Magnesium stearate 

(c) labjeun 
25 Compound Z* 
Lactose Ph. Eur. 
Croscarmellose sodium 
Maize starch paste (5 o /ow/vaqueouspaste) 
Magnesium stearate 



mg/lshki 
1.0 
93.25 
4.0 
0.75 
1.0 

mg/tafejei 
50 

223.75 

6.0 

15.0 

2.25 

3.0 

100 

182.75 

12.0 
2.25 
3.0 
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( d) Capsule iQ 
Compound Z* 

Lactose Ph. Eur. ' 
5 Magnesium stearate 

T-n* active ingredient Compound Z is a enmponnd of fortnuU I, or a sah .hereof, for 
exampleacomponnd of formula I described in any of.hepreeedingExamp.es 
, 0 The table, compositions (a) - (e) may be enteric coated by convention^ means, for 
example, with cellulose acetate phthalate. 
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1- ^^^^^PO^offonnuIalCsetouther.inaftertogether^ , 
fonnulae referred to hereto or , ~u together with the other 

^"^^"'^-Ptables^tthereof.whe^^ 
5 G is selected from CH and N; 

T 1 is selected from CH and N; 

A is ^fomadirectb«ndand(MC>aMene- 
1U i is selected from CH and N; 

a and b are mdependently selected from 2 and 3; 
a and d are independently selected from 1 and 2- 

j:^^**— .... 

phenyl substituent; ^ "ha last three groups may optionally bear. 

25 ^"hateinQmaybeunsubstitutedormaybearon 

aalogeno.hydro.y amino nfro "**-"•-«« torn 
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——-7 isrsnisr 

manufacture of a medicament for treating diseases 
inhibition of oxido-squalene cyclase is desirable. 

5 2 The use as claimed in claim 1 wherein: 

' G is selected from CH andN; R 1 is hydrogen; m is 1; 
f is selected from CH and N; 
A is selected from a direct bond and (l-4C)alkylene; 

T 2 is selected from CH and N; T 3 is N; neter0C y C lic ring containing T 2 /! 3 may, 

10 — — 

XUse.ec.ed fiom oxy, to, su.phmy>, s^phonyl, ebony, and methylene; 
15 andv.heto.he.es.toeeiroups.nayopdoneUyee.epheny.—t; 

M Nfn-6aalkyllca^ 

20 N[(l-^)aiKyijcdrooi j ^^wi n-6C)alkanoyl and 

(WQalkylsulphinyl, (l-6C)alxylsnlphonyl, halog=noO-6C)alkyl, (1 60) 

tetrazolyl. 

3. ^^aso^ine^.^whetoX.seiee.edfion.CH.S.COandSO, 

25 

4. The use as claimed in claim 3 wherein X is S0 2 . 

5 . Theuseasclaimedinany one of the preceeding claims wherein f isCHandl 2 
and T 3 are both N. 



30 



15 

11 



WO 97/06802 

- 80 - PCT/GB96/01985 

~~=2 — ~.. 



T' « selected from CH and N- 

^i:;;7 s t adirec,bonda " d(Mc ^- 

a.b, c and dare each 2; 
whereu, t hehe te „ cyclicrk , 

^'^^''^Seaoandd^CaUcoxycarbonyl. 
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,. mn : etv containing up to 4 heteroatoms selected 
Q is selected from a heterocyclic moiety coniammB 

a «,lnhur ohenyl, naphthyl, phenyl(l-4C)alkyl and phenyl(2- 

andwheretnQmaybeuns .„ ^earboxv carbamoyl, (l-6C)alkyl,(2-6C)alkenyl, 
urn fiOalkyllcarbamoyl, (l-6C)alkanoylammo, (l-6C)alkoxycaroo y,v ; 

' HninaT' ^d^areunsubatituted.XissulphonylandQ.aaphenyl, 

15 :sr^^— « — — *-~ • 

13 Ac o»^dasolain ie a ta cla im ,2^e rem GUN,A iS ad ire c,b 0 „d,«he 

• •„!„, T' and fVf are ^substituted, X i S sulphonyl and Q.s a 

more halogeno substituents. 

,4 A confound as claimed in claim 1 l which is selected from 
H 4-b„mopnenylsulphonyW«^ 
25 H4-b ro mo P heny.sul P honyl)^^ 



their 



3„ 15 Aproces.forpreparingacompoundoffonnulal.orapbannaccuticallyaccepuble 
saltthereof, as claimed in any one of claims 1 1 to 14, selected from: 
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3 ^==^srr 

^"vederivativeft^f.^ with ao acid of formula HOjC-X-Q or a 

W ^S^oa^offor^^. 

■»*» of formula VII; *" dl Z * 3 dis P'*eable gr„ up ^ m 

'0 a ndwh= re aacr, wi , snaphanM 

as clanned m any one of claims UtoR 
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fa, 



81 



w 



TL 



0?V 




Wc 



Nil 



INTERNATIONAL SEARCH REPORT F 



Application No 

p C'/GB 96/01985 



j. FIELDS SEARCH Fn 



IPC 6 A61K 



n followed by dasaficafon,; 




seVS 22 (ZENECA ^D, 4 April 1996 

BIOCHIH BIOPHYS. ACTa" 
vol. 666, no. 3, 1982 

biosynthesis?., y , ini cl >olesterol 



Relevant to daim No. 
15 




0' 



al completion of the inten 

29 November 1996 



suing address of the ISA 



^U S ^ to «o?™»^- 
in the ait 

er of the a 



Date of m 



family 



1 1 12. 96 



Authorized officer 

Klaver, T 



Page 1 of 2 



INTERNATIONAL SEARCH REPORT 




STEROIDS. , 
vol. 53, no. 3-5, 1989, 
Daaes 363-391, XP000611661 
L CATTEL ET AL.: "Drug design based on 
biosynthetic studies: synthesis, 
biological activity, and kinetics of new 
inhibitors of 2,3-oxidosualene cyclase and 
squalene epoxidase." 



Forni PCT/ISA/J10 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Utter inml application No. 

PCT/GB 96/01985 



This International Search Report bat not been 

• Q Claims Not: 

because they reJate to nibjea re 



of item I or first sheet) 
ArticbPpx^forthefoUowmgn 



"required to be tearched by thii 



OH Claim* Not,; 

^^^^^ 



«r£ ouCSSl™ reouiremenu to such 



* not drafted in accordance with the second and 



Aird leniences of Rule 6.4(a). 



tere unity of in 
g Authority found mi 



n of hem 2 of first sheet) 



•□ass 



s were timely paid by the applicant, this Ir 



■ D ~™,„ 

of any additional fee. 



« effort justifying an additional fee. U 



s Authority did not invite payment 



mark on Proost | — > 

□ The addmonal search fee, were accompanied by ^ 

□ No protest accompanied the payment of additional s«rch fee*. 
nPCT^.0 (continuation of first sheet (■)) (Jul y 1W2 ) — 



INTERNATIONAL SEARCH REPORT 



no. PCT/GB 96/01985 



giiPTMEH INF RMAT1 WW »m» _ . 

r sas'flr^HSs^ ass & 

pSmacologlc.1 d»U »'J^„9 «ppH«t1on 

A ls o the Phr«. ■(■•:> *»Sb??"l Wf1C^> ^ 1f,C W 

tsars* is 1 ." the « ,s cla,Md - 



